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Introduction 


Men who are occupied with the restoration of health of other 
men, by the joint exercise of skill and humanity are, above 
all, the noblest on earth. They even partake of divinity, since 
to preserve and renew is almost as noble as to create. 
(Voltaire, 1694-1778) 


As senior professors of urology, we noticed, for a long time, 
that students and residents are exceedingly interested in 
uro-oncology. Removing a prostate, or bladder, or kidney 
appears to be a noble task. They are happy because they 
‘kill the disease’! We noticed also that their interest declines 
when we speak to them about storage and voiding func- 
tions, physiology, neuropharmacology, and neurogenic 
bladders. There is possibly less glamour, fewer lives to save, 
less fear to assuage, and probably less money too in these 
‘neuro’ fields. But we are probably right to say, at least from 
an epidemiologic point of view, that patients with voiding 
dysfunction, including those with neurogenic bladder dys- 
function, are far more numerous than those suffering from 
urologic cancers. Neurourology and, more specifically, 
neurogenic bladder care are fascinating aspects of our 
speciality because they relate to function. Our surgeries do 
not produce large specimens, but, more interestingly, we 
reconstruct. The real challenge lies in functional results. 

To share our passion with the reader, we have attempted 
to bring together some of the world’s most distinguished 
experts in the field, assigning the difficult task of clear 
teaching to each of them. We asked them to summarize, 
synthesize, and simplify vast amounts of knowledge to 
make this book the reference source for students, residents, 
physicians, and health care professionals who want to have 
a precise, updated, well-documented, evidence-based, and 
authoritative opinion on all aspects of neurogenic blad- 
ders. We advised each author to try, according to our pre- 
sent level of comprehension, to explain all phenomena. We 
strongly believe that readers will better remember patho- 
physiologic events if they understand the nature of the 
underlying phenomena. 

Since the first edition of this textbook in 2004, 
important new developments have occurred in relation to 


neurogenic bladder dysfunction. Consequently, this second 
edition is significantly expanded. We tried to incorporate 
these new aspects by updating all chapters. This, however, 
did not appear to be sufficient. We needed to add three new 
sections — special considerations on meningo-myelocele, 
sexual dysfunction in neurologic disorders, and ethical 
considerations — including a total of 19 new chapters to 
present a more comprehensive and complete view on the 
subject. More than 120 authors from five continents repre- 
senting 21 countries agreed to participate with us in this 
exciting venture, ensuring a variety of approaches and 
allowing the expression of different opinions. Our deep 
gratitude goes to all of them. 

This textbook will convey readers into several different 
aspects of the subspeciality. After reviewing the normal 
embryology, anatomy, and physiology of the lower urinary 
tract, complete with the physiology of normal sexual func- 
tion in the first part, we devote a large segment of the 
second part to the epidemiology, pathology, and patho- 
physiology of different aspects of the neurogenic bladder. 
This essential part aims to clarify and explain the mecha- 
nisms underlying the different clinical entities developed in 
subsequent sections of the book. 

One of the book’s originalities is that it relates different 
neurologic pathologies to urethro-vesical dysfunction. We 
instructed the authors involved in the third part to briefly 
describe the pathophysiology of this neurologic disease 
and the way it alters lower urinary tract function. 

All patients with vesico-urethral dysfunction — regardless 
of the nature of the neurologic process causing it — are 
investigated with the same diagnostic armamentarium. 
This constitutes the fourth part of the book. Clinical evalu- 
ation, imaging, electrophysiology, and, obviously, extensive 
urodynamic studies in adults as well as in infants and chil- 
dren are described in detail. A distinct chapter is devoted to 
cerebral representation of the voiding cycle, which opens up 
new avenues in our understanding of vesico-urethral func- 
tion. Also, we found it useful to gather normal values from 
the literature — or at least what is believed to be normal — of 
different urodynamic parameters. This section ends with a 
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practical guide to the diagnosis and follow-up of neuro- 
genic bladders, a veritable handbook, on its own, for 
medical students and residents. 

Different classifications of neurogenic bladder dysfunc- 
tion, based on symptoms, site of neurologic lesions, and 
urodynamic findings, have been reported in the past. 
Recently, a new and highly original classification system 
has been proposed where structure and function are con- 
sidered simultaneously. Professor Anders Mattiasson, 
former chairman of the Standardisation Committee of 
the International Continence Society, who presented this 
classification, accepted to develop it in the context of 
neurogenic bladder dysfunction. This chapter, on its own, 
constitutes the fifth part of the book. 

Several new nonsurgical treatments, including new 
drugs and also new ways of administering them, have 
become standard in recent years. The electrical treatments 
mentioned a few years ago fill six chapters and represent 
new avenues in this field. 

After the description of the surgical treatments available, 
which are still widely used and necessary, this sixth part 
ends with three fascinating chapters showing us what we 
believe will happen in neurogenic bladder management in 
the 21st century. 

An entirely new section is devoted to meningo-myelocele 
patients. It deals not only with neonates, infants, and chil- 
dren, but also with adults, including recommendations for 
the follow-up of this special group of patients. 

Part VII is a large synthesis, giving readers an overview 
of the different available treatments that depend on patient 
age and the main dysfunction presented, but keeping in 
mind the principle of vesico-urethral balance. 

The eighth part describes the most frequent complica- 
tions encountered and how to deal with them. A separate 
chapter is devoted to benign prostatic obstruction in 
neurogenic bladder patients, relatively frequent situations 
encountered in daily urologic practice. 

Sexual problems were not considered in the previous 
edition of this book. We asked Professor Reinier-Jacques 


Opsomer to recruit a group of experts to explore these 
problems in this special group of patients. In the ninth part 
of our textbook, these different authors deal with the patho- 
physiology of sexual dysfunction in spinal cord injury 
and in neurologic diseases, such as multiple sclerosis and 
diabetes, available treatments for erectile dysfunction in 
neurologic patients in general, as well as fertility issues in 
men and problems related to pregnancy and delivery. 

Follow-up, prognosis, and ethical considerations consti- 
tute parts X and XI. 

Instead of reproducing in extenso some of the reports 
and guidelines published in the literature, we made a selec- 
tion of the most pertinent ones for this book and indicated 
where they were published in printed form, and where they 
can be found on the Web. We consider it important to 
include such information because they represent a consen- 
sual view accepted by the international scientific commu- 
nity. In this way, readers can have access to the most recent 
versions of these reports and guidelines, which constitute 
the last part of the book. 

Medicine in general and, more specifically, urology 
underwent tremendous evolution in recent decades. This 
radically modified our attitude toward neurogenic bladder 
dysfunction as well. We felt it was imperative to update our 
present-day knowledge of the subject in a practical, in-depth 
review of where we are today. We hope we have succeeded. 

Once again, our deepest gratitude goes to each and every 
author who accepted our invitation to take part in this ven- 
ture — for readily sharing their expertise with us, and for 
the time they took to write and/or update their respective 
chapters. 

Last, but not least, our warmest gratitude goes to our 
wives, Sylvie and Micheline, who once again accepted to 
sacrifice part of our family life during the long months of 
intensive preparation of this book. 


Jacques Corcos 
Erik Schick 
Montreal, 2008 


Part I 


The normal genito-urinary tract 


l 


Embryology of the lower urinary tract 


Hiep T Nguyen and Emil A Tanagho 


To better understand the diseases and congenital anomalies 
that affect the lower urinary tract, a thorough understanding 
of its embryology is essential. Our current understanding 
of lower urinary tract development is based upon observa- 
tions derived from studies of fetal specimens and from 
clinical observations of congenital anomalies. However, 
these observations are only ‘snap-shots’ of a complex 
process that occurs during a brief period of time. Hence, 
much of what we know about the embryology of the lower 
urinary tract remains somewhat sketchy, and the exact 
details are filled by inferences and theories. 


Development of germ layers 


After fertilization of the ovum, the zygote undergoes cleav- 
age and division to form a hollow sphere, the blastula. 
Some of the cells in the blastula aggregate to form an inner 
cell mass that will form the germ layers of the embryo 
(Figure 1.1). During the 2nd week of gestation, the inner 
cell mass flattens and forms two separate layers, the endo- 
derm and ectoderm. A cleft develops within the ectoderm 
to form the amniotic cavity and within the endoderm to 
form the yolk sac. During the 3rd week of gestation, cells 
migrate from the endoderm and ectoderm to form a 
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middle layer, the mesoderm. On the caudal end of the germ 
layers, the mesoderm does not develop, and the endoderm 
remains apposed to the ectoderm without an intervening 
layer of mesoderm.’ 


Development of the cloaca 


At the caudal end where the endoderm and ectoderm 
remain apposed, the cloacal membrane is formed. 
Differential growth of the mesenchyme near the cloacal 
membrane causes the caudal end of the embryo to fold 
onto itself, forming a chamber, the cloaca (Figure 1.2). The 
cloaca is lined primarily by endoderm. Further growth 
causes the caudal end to flex further, placing the cloacal 
membrane on the ventral surface of the embryo. Around 
the 4th week of gestation, the urorectal septum, also known 
as Tourneux’s fold, expands caudally toward the cloacal 
membrane (Figure 1.3). Concurrently, the two folds from 
the lateral aspect of the cloaca, Rathke’s plicae, migrate 
medially.” As a result, the cloaca is divided into the urogen- 
ital sinus anteriorly and the rectum posteriorly. Similarly, 
the cloacal membrane is divided into the urogenital mem- 
brane and the anal membrane. Rupture of these mem- 
branes allows the urogenital sinus and anal canal to be in 


Figure 1.1 

Development of the germ layers. An inner 
cell mass develops within the blastula. At 
the 2nd week of gestation, the cell mass 
differentiates to form two cell layers: 
ectoderm (blue) and endoderm (yellow). 
A cleft develops within each layer, forming 
the amniotic cavity (AC) and yolk sac (YS). 
During the 3rd week of gestation, a third 
layer, mesoderm (orange) develops in 
between the ectoderm and endoderm, 
except in the caudal region of the 
embryo (arrows). 
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communication with the amniotic cavity. This process of 
cloacal division is completed by the 7th week of gestation. 
After this, the urogenital sinus can be morphologically 
divided into three segments (Figure 1.3). The largest and 
most cranial segment will give rise to the urinary bladder. 
The second segment, the pelvic part of the urogenital sinus, 
is the narrowest portion of the urogenital sinus and will give 
rise to the prostatic and membranous urethra in males. The 
third segment, the phallic part of the urogenital sinus, is 
separated from the amniotic cavity by the urogenital 
membrane and will give rise to the urethra and external 
genitalia.’ The cranial portion of the urogenital sinus, the 
urachus, maintains its connection to the amniotic cavity. 


Development of the trigone 


Around the middle of the 3rd week of gestation, the 
mesonephric duct develops from the mesoderm adjacent 
to the coelom, the primitive peritoneum (Figure 1.3). The 
mesonephric duct extends caudally and by the 4th week of 
gestation reaches the urogenital sinus. The endodermal 


Figure 1.2 

Creation of the cloaca. Differential growth of the 
mesenchyme in the cranial and caudal end of the 
embryo results in the infolding of yolk sac, creating 
the future GI and lower urinary tract. Rupture of the 
buccopharyngeal membrane (cranial) and the 
cloacal membrane (caudal) establishes 
communication between the amniotic cavity (AC) 
and the endoderm-lined yolk sac (YS, 3rd frame). 


Figure 1.3 

Differentiation of the cloaca. During the 
4th week of gestation, the urorectal 
septum expands caudally to divide the 
cloaca into the urogenital sinus and the 
rectum. It also divides the cloacal 
membrane (CM) into the urogenital 
membrane and the anal membrane. The 
mesonephric duct (MD) develops adjacent 
to the primitive coelom. Cranially, it 
develops into the gonadal ductal system 
(G); caudally, it extends to join the 
urogenital sinus. A ureteric bud (UB) 
develops from each mesonephric duct and 
induces the surrounding mesenchyme to 
form the future kidney (K). After the 7th 
week of gestation, the urogenital sinus can 
be divided into three segments: the 
bladder, pelvic part, and phallic part. 


lining of the urogenital sinus fuses with the mesodermal 
epithelium of the mesonephric duct, allowing the 
mesonephric duct to drain into the cloaca. At this time, a 
diverticulum develops from the posteromedial aspect of 
the mesonephric duct, forming the ureteric bud. By the 5th 
week of gestation, the segment of mesonephric duct caudal 
to the ureteric bud dilates to form the common excretory 
duct (Figure 1.4). The right and left common excretory 
ducts are then absorbed into the urogenital sinus. They 
fuse together medially to form the primitive trigone.’ As 
the common excretory ducts are absorbed, the openings to 
the ureters move cranially, while those to the mesonephric 
ducts move caudally.* Histologic evaluation of human 
fetuses demonstrated that, as early as the 12th week of ges- 
tation, myoblasts condensate mainly in the dorsal wall of 
the trigone and at the bladder outlet.’ Expression of the 
androgen receptors is seen in the trigone of the bladder, 
indicating androgen involvement in the development of 
the vesico-ureteral junction.® The continuing muscle layers 
of the ureters cross the midline to form the interureteral 
fold. Muscle fibers forming the interureteral junction are 
demonstrable beginning at 14 weeks of gestation. The 
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trigone develops continuously as a single, circular, muscular 
layer corresponding to the posterior part of the vesical 
sphincter muscle. The circular structure of this internal 
sphincter comes in close contact at its dorsal extension with 
the interureteral muscle, indicating a functional interaction 
and support of the distal uretero-vesical anchoring.’ This 
pattern of development accounts for the contiguity of the 
musculature of the ureters with the trigone and the differ- 
ential response of trigone musculature to pharmacologic 
agents compared to the bladder musculature. 


Development of the bladder 


By the 6th week of gestation, the cranial portion of the uro- 
genital sinus dilates to form the primitive bladder, presum- 
ably due to the production of fluid/urine from the 
mesonephros and subsequently by the metanephros. At 
this stage the bladder wall is composed primarily of con- 
nective tissue. At the 7th week of gestation, mesenchyme at 
the dome of the primitive bladder begins to differentiate to 
form detrusor muscles. This process extends caudally and, 
by the 8th week of gestation, muscle development is seen 
diffusely throughout the bladder wall. However, the muscle 
is neither organized nor abundant. By the 12th week of 
gestation, the urachus closes, becoming a fibrous cord, 
the median umbilical ligament. The emptying of the 
bladder becomes primarily dependent on the urethra. 
Concurrently, the bladder muscle fibers begin to be orga- 
nized into circular, interlacing, and longitudinal bundles. 
Muscle formation is especially abundant at the bladder 
base and in the trigone, where it is five times thicker than 
elsewhere in the bladder.’ 

By the 17th week of gestation, there are three muscle lay- 
ers in the bladder: inner and outer longitudinal layers and 
a middle circular layer (Figure 1.5). Muscle bundles from 
the longitudinal layers interlace with the circular layer, 
making the distinction between the layers difficult except 
around the bladder neck.’ The outer layer forms a complete 


Ureter 


Figure 1.4 

Development of the trigone. 
During the 5th week of gestation, 
the segment of the mesonephric 
duct (MD) caudal to the ureteric 
bud (UB) is absorbed into the 
urogenital sinus. The right and 
left side merge midline to form 
the trigone (T). In midline, 
growth of the trigone and vas 
continues caudally, pulling the 
orifice of vas distally. Laterally, 
growth occurs laterally and 
superiorly, pulling the ureteral 
orifice superiorly. 


Vas Vas 


Ureter 


sheet of muscle bundles around the bladder to the level of 
the bladder neck. In male fetuses, some of the muscle bun- 
dles from the outer layer extend into the prostate or loop 
around the proximal urethra. In female fetuses, these bun- 
dles end in the vesicovaginal septum. In contrast, the inner 
muscular layer is only present on the anterior bladder wall 
and is deficient posteriorly except in the region of the 
trigone. In the trigone, the inner longitudinal muscle layer 
extends caudally to become contiguous with the longitudi- 
nal muscle layer of the urethra. At the level of the bladder 
neck, the middle muscular layer is quiet prominent, since 
the muscle fibers in this area are quite closely packed 
together. The circularly oriented muscle bundles are com- 
plete anteriorly; they sweep through the sides of the blad- 
der neck and fan outward as they travel posterior-cranially. 
The muscle bundles of the middle layer do not extend into 
the urethra but fuse to the lateral border of the trigone. As 
a result, by the 20th week of gestation, the bladder neck is 
bulky and pronounced. From the 20th week of gestation to 
term, there is continued increase in size of the muscles in 
the bladder, trigone, and urinary sphincter. Interestingly, 
while the bladder neck and trigone appear to develop in a 
gender specific manner, the bladder wall musculature 
develops uniformly, unrelated to gender. Its thickness and 
the mean profile area of smooth muscle bundles increase 
significantly with advancing gestation, mediated by linear 
growth patterns.’ 

The urothelium also undergoes extensive development 
during this time. The urothelium of the bladder is derived 
primarily from endoderm, while the urothelium of the 
upper urinary tract is derived from mesoderm. The pre- 
sumed junction of the mesoderm and endoderm-derived 
urothelium occurs at the ureteral-vesical junction. However, 
the urothelium derived from mesoderm is histologically 
indistinguishable from that derived from endoderm." The 
urothelium gradually differentiates from a simple cuboidal 
epithelium with smooth luminal surface to a stratified tran- 
sitional epithelium of 3—7 cell layers with developed micro- 
ridges.'! Epithelial differentiation starts with the appearance 


8 Textbook of the Neurogenic Bladder 


Uret. hiat. Intraves uret. 


\ 


1 6) 


©; ES 
Mid. circ. | 

@ . \ 
Out. long. \ 


© 


Intraves.uret. Sup. trig. Uret. & wald.’s 


of microvilli and continues with the formation of both 
immature fusiform vesicles and ropy ridges. Differentiation 
continues with the formation of asymmetric unit mem- 
brane plaques and mature fusiform vesicles at the apical 
cytoplasm. Tight junctions, which are one of the cellular 
structures protecting the bladder from toxins in the urine, 
form early during urothelial differentiation. 


Development of the urethra 


The phallic segment of the urogenital sinus differentiates 
to form the urethra. During the 3rd week of gestation, 
mesenchymal cells from the region of the primitive streak 
migrate around the cloacal membrane, forming the cloacal 
folds. Cranial to the cloacal membrane, the cloacal folds 
fuse to form the genital tubercle. Concurrently, two pro- 
tuberances, the genital swellings, develop lateral to the 
cloacal folds. During the 6th week of gestation, with the 
descent of the urorectal septum, the cloacal folds become 
subdivided into the anal and the urethral folds. 

In male fetuses, the development of the penile urethra 
occurs in concert with the masculinization of the genitalia 
during the 8th week of gestation. Under the influence of 
androgens produced by the fetal testis, there is a rapid elon- 
gation of the genital tubercle, forming the phallus (Figure 
1.6). During this process, the phallus pulls the urethral 
folds forward to form the lateral wall of the urethral 
groove.! By the 12th week of gestation, the penile urethra 
arises from the fusion of the urethral folds with primary 
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(4) outer longitudinal muscle layer; 

(5) intravesical ureter cut and reflected 
downward; (6) superficial trigone; 

(7) intramural ureter; (8) Waldeyer’s 
sheath; (9) deep trigone; (10) apex of 
deep trigone extending toward the 
urethra; (11) ureteral hiatus; and 

(12) prostate. (From Tanagho and Smith.°) 


luminization of the urethral groove.'? Fusion of the 
urethral folds lined by endoderm results in a continuous 
mesodermal compartment around the penile urethra. 
Subsequent differentiation of this compartment forms the 
corpus spongiosum and cavernosum. During the 16th 
week of gestation, the glandular urethra develops. It is cur- 
rently thought that in the glans, the fused urethral folds 
undergo endodermal to ectodermal transformation with 
secondary luminization of the urethral folds.” 

The process of urethral development in female fetuses is 
less well understood. It is not known whether the develop- 
ment of the female urethra is dependent on sex hormones 
(such as estrogen or progesterone) or is simply a default 
pathway when androgens are not present. In female fetuses, 
the genital tubercle only elongates slightly and forms the 
clitoris (Figure 1.7). The urethral folds do not fuse as in 
male fetuses but rather differentiate into labia minora.’ 
The urogenital groove remains open to the surface and 
forms the vestibule. Rupture of the urogenital membrane 
allows the bladder to drain into the amniotic cavity.'* 

Shortly after the formation of the urethra, the mes- 
enchyme surrounding it begins to differentiate to form the 
two layers of the urethral musculature. They are present 
throughout the entire distance of the female urethra 
(Figure 1.8) and only in the proximal segment of the male 
urethra.® The inner layer is arranged longitudinally and is 
in continuity with the inner muscle layer of the bladder. 
This layer is relatively thick, since the muscle bundles are 
tightly packed and are held together by an abundance of 
collagen and elastic fibers. The outer layer consists of 
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Development of the male urethra. Differentiation of the male urethra begins around the region of the cloacal membrane. Under the 
influence of androgens, the genital tubercle elongates and differentiates to form the glans and penis. Around the 12th week, the 
urethral folds fuse with primary luminization of the urethral groove. The genital swellings differentiate and fuse to form the scrotum. 
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semicircular fibers, looping around the urethra. This layer 
is thick proximally but tapers off distally. 


Development of the external 
urinary sphincter 


Around the 9th week of gestation, mesenchyme near the 
urogenital membrane condenses around the future urethra. 
In the male fetuses, this primarily occurs in the area of the 
future membranous urethra, and in the female fetuses, in 


Figure 1.7 

Development of the female urethra. The 
genital tubercle elongates slightly to 
form the clitoris. The urethral folds do 
not fuse and form the labia minora. The 
Labia genital swellings differentiate to form 
the labia majora. Rupture of the 
urogenital membrane forms the 
opening of the female urethra. 
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the area of the mid-urethra. The mesenchyme develops into 
the external sphincter anteriorly and connective tissue with 
nerves and vessels posteriorly. By the 12th week of gesta- 
tion, striated muscle fibers become apparent. A combina- 
tion of detrusor, trigone, and urethral sphincter muscles 
provides the urinary continence mechanism. Recent studies 
indicate that the external sphincter has an omega-shaped 
configuration in both the male and female fetuses, most 
developed anteriorly and incomplete posteriorly.!° In males 
the external urethral sphincter covers the ventral surface of 
the prostate as a crescent shape above the verumontanum, a 
horseshoe shape below the verumontanum, and a crescent 
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shape along the proximal bulbar urethra.'® In females the 
external urethral sphincter covers the ventral surface of the 
urethra in a horseshoe shape. Caudally the same horseshoe- 
shaped external sphincter increases in size to envelop the 
distal vagina. 


Development of the 
innervation to the lower 
urinary tract 


At the 3rd week of gestation, the ectoderm begins to 
thicken in the mid-dorsal region in front of the primitive 
pit, forming the neural plate (Figure 1.9). The lateral 
edges of the neural plates rapidly grow to form the neural 
folds. The neural folds migrate toward the midline and 
fuse, forming a neural tube. In the wall of the recently 
closed neural tube there are neuroepithelial cells. These 
cells rapidly proliferate and differentiate to form the 
spinal cord.'”? Due to the rapid growth of the neuro- 
epithelial cells, ventral and dorsal thickenings develop on 
each side of the neural tube. The ventral thickening con- 
tains the ventral motor horn cells and forms the motor 
area of the spinal cord, while the dorsal thickening 
contains sensory neurons and forms the sensory area of 
the spinal cord. 

During subsequent stages of development, the axons of 
neurons in the ventral thickening begin to extend out into 
the spinal cord and migrate to their designated organs, 
providing motor innervation! (Figure 1.9). The bladder 
and urethra receive motor innervation from two areas of 
the spinal cord, the sympathetic and parasympathetic sys- 
tems. Axons from neurons in the T11 to L2 region leave 
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Figure 1.8 
Deep trig. 


Arrangement of muscle around the female 
urethra: (1, 2, 3) the ventral, lateral, and 
dorsal outer longitudinal muscle layers of 
the bladder as they course downward to the 
urethra; (4) juxtavesical ureter surrounded 
by Waldeyer’s sheath; (5) deep trigone; 

(6) apex of the deep trigone extending down 
toward the urethra; (7) middle circular 
muscle layer; (8) urethral inner longitudinal 
(9) muscle layer; and (9) urethral outer circular 
layer. (From Tanagho and Smith.*) 


the spinal cord, forming the sympathetic nerve supply. 
These sympathetic fibers descend into the sympathetic 
trunk, then to the lumbar splanchnic nerves to reach the 
superior hypogastric plexus. This plexus then separates to 
form the right and left hypogastric nerves, which travel 
inferiorly to join the pelvic plexus (parasympathetic).'* In 
the pelvic plexus, the axons from sympathetic nerves 
synapse, and postganglionic neurons are sent to the vesicle 
plexus. Axons from neurons in the S2—4 region form the 
parasympathetic system. They travel toward the bladder 
and form the pelvic plexus. After joining with the hypogas- 
tric nerves they form the vesical plexus, whose branches 
ramify in the adventitia and penetrate throughout the 
muscular bladder wall. The parasympathetic axons 
synapse with their respective postganglionic neurons 
within the bladder wall. It is believed that the parasym- 
pathetic cholinergic nerve fibers are in a 1:1 ratio with 
each muscle fiber, while the sympathetic nerve fibers are 
more richly distributed in the trigone, bladder base, and 
proximal urethra.’* 

In contrast to the axons of the neurons in the ventral 
thickening, those in the dorsal thickening descend or 
ascend to a lower or higher level within the spinal cord to 
form association neurons (Figure 1.9). Sensory innervation 
to the lower urinary tract develops from neurons arising 
outside of the neural tube.” During the invagination of the 
neural plate, a group of cells (neural crest cells) develops 
along each edge of the neural groove. They migrate on each 
side to the dorsolateral aspect of the neural tube. With 
growth and differentiation, these cells form dorsal root 
ganglia. Neurons in the dorsal root ganglia develop two 
processes. One penetrates the dorsal portion of the neural 
tube and synapses with association neurons or ascends to 
one of the higher brain centers. The second process extends 


Embryology of the lower urinary tract 11 


Neural 
groove 
Surface Neural 
ectoderm plate 


Neural 4 tube 
erosi Notochord 
Spinal Dorsal 
i thickenin 
— i Trunk of 
. Ventral spinal root 
thickening 
Figure 1.9 


Development of motor and sensory innvervation to the lower urinary tract. Around the 3rd week of gestation, a pit is developed on the 
ectoderm, forming the neural plate (blue). The lateral edges fuse midline to form a neural tube. Ventral (red) and dorsal (pink) 
thickening develops around the neural tube to form the spinal cord. Axons from the ventral thickening extend toward the pelvis to 
provide innervation to the lower urinary tract. In contrast, sensory innervation develops from neural crest cells (brown). They aggregate 
to form a spinal ganglion. Neurons in the spinal ganglion develop two processes: one sent to the dorsal thickening to connect with the 


brain and spinal cord, and the second to the pelvic organs. 


peripherally and terminates in sensory receptor organs. 
When combined with the ventral motor root, the periph- 
erally growing axons form the trunk of the spinal nerves. 
The sensory pathways then parallel that of the motor path- 
ways. The sensations of stretch and fullness in the bladder 
are believed to be mediated along the pelvic parasympa- 
thetic pathways, while the sensations of pain, touch, and 
temperature are along the sympathetic pathways. 
Innervation to the external urethral sphincter is medi- 
ated primarily by motor somatic fibers. Axons from motor 
neurons in $2-3 exit the spinal cord and travel as part of 
the pelvic nerve or the pudendal nerve to reach the sphinc- 
ter. Sensation from the striated musculature of the external 
sphincter is mediated via the pudendal nerve to S2 and to 
a lesser extent S3. Recent anatomic studies demonstrated 
that at the level of the bladder neck and the proximal part 
of the male urethra, unmyelinated nerve fibers destined for 
the smooth muscle fibers run alongside the myelinated 
nerve fibers destined for the striated muscle fibers. The 
majority of the unmyelinated nerve fibers approach the 
smooth muscular layers of the bladder neck and proximal 
urethra at the 5 and 7 o'clock positions, while the majority 


of the myelinated nerve fibers penetrate the sphincter at 
the 9 and 3 o'clock positions.” 


The molecular biology of 
bladder development 


While we are beginning to understand the morphologic events 
that occur during the development of the lower urinary tract, it 
remains largely unknown how this complex occurs. Recent 
studies have begun to elucidate the mechanism of cellular inter- 
action that leads to the formation of muscle in the bladder. In a 
rat model, it has been observed that smooth muscle develops 
from undifferentiated mesenchyme. The process occurs in an 
orderly sequence of differentiation defined by the temporal 
expression of smooth muscle (alpha-actin, myosin, vinculin, 
desmin, vimentin, and laminin) markers. Smooth muscle 
differentiation begins in the periphery of the bladder mes- 
enchyme subjacent to the serosa and continues toward the 
epithelium. Concurrently, the epithelium lining the bladder 
also undergoes differentiation as defined by the temporal 
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expression of epithelial (cytokeratins 5, 7, 8, 14, 18, and 19) pro- 
tein markers.”! Interestingly, without the bladder epithelium, 
the bladder mesenchyme does not differentiate into smooth 
muscle.” Consequently, it is believed that mesenchymal- 
epithelial interactions with bladder epithelium (urothelium) 
are necessary for the differentiation of bladder smooth muscle. 
Peptide growth factors such as keratinocyte growth factor 
(KGF) and transforming growth factors (TGF) alpha and beta 
are likely candidates as mediators of these mesenchymal- 
epithelial interactions.” The smooth muscle-inducing property 
is not unique to the fetal bladder epithelium but is also present 
in adult bladder epithelium and in epithelia of other organs 
such as the bowel, cornea, and uterus (although the amount of 
smooth muscle induction varies with the type of epithelium). 
Similarly, there appear to be signals originating from the 
induced mesenchyme that affect the growth and differentiation 
of the bladder epithelium.” Consequently, reciprocal commu- 
nication and induction between epithelium and mesenchyme 
are needed for the proper formation of the bladder. 

In-vivo and in-vitro studies are beginning to provide 
insights into the process of bladder development. 
Unfortunately, much of the molecular mechanisms that 
govern the development of the lower urinary tract still 
remain to be defined. 
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Simplified anatomy of the vesico—urethral 


functional unit 


Saad Aldousari and Jacques Corcos 


The bladder and urethra should necessarily be described 
together. Functionally speaking, these two organs cannot 
be dissociated and, anatomically, their connections are too 
imbricated to distinguish them as two different organs. The 
pelvic floor, with its muscles, fascia, and ligaments, is a 
separate anatomic entity, but, functionally, it is also an 
important component of urethra—vesical physiology.’ 


The bladder 


The bladder (Figures 2.1a,b), located in the pelvis behind 
the pubic bone, can be divided into two portions. The 
dome, the upper part of the bladder is spherical, extensible, 
and mobile. The median umbilical ligament (urachus) 
ascends from its apex behind the anterior abdominal wall 
to the umbilicus, and the peritoneum behind it creates the 
median umbilical fold. In males, the superior surface of the 
dome is completely covered by the peritoneum extending 
slightly to the base. It is in close contact with the sigmoid 
colon and the terminal coils of the ileum. In females, the 
difference arises from the posterior reflection of the peri- 
toneum on the anterior face of the uterus, forming the 
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vesico—uterine pouch. In both sexes, the inferolateral part 
of the bladder is not covered by the peritoneum. In adults, 
the bladder is completely retropubic and can be palpated 
only if it is in overdistention. In contrast, at birth, it is 
relatively high and is an abdominal organ. It descends 
progressively, reaching its adult position at puberty. 

The base of the bladder, i.e. the lower part, is fixed. The 
trigone, the post part of the base, is triangular between 
three orifices — two ureteral orifices and the urethral orifice 
or bladder neck. 

At the level of the vesico-ureteral junction the ureters 
cross the bladder wall obliquely in a length of 1-2 cm. This 
type of path through the bladder wall creats a valve mech- 
anism, preventing urine reflux toward the ureters when 
bladder pressure increases. This is achieved by the fact that 
the ureter pierces the bladder wall obliquely. As it passes 
through a hiatus in the detrusor (intramural ureter) com- 
pression and complete closure are completed by detrusor 
contraction. This intravesical portion of the ureter lies 
immediately beneath the bladder urothelium, and, there- 
fore, it is backed by a strong plate of detrusor muscle. It is 
believed that with bladder filling, this results in passive 
occlusion of the ureter, like a flap valve. 
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Figure 2.1 
Anatomy of the vesicosphincteric unit in man. 
(a) Sagittal view; (b) Frontal view. 


14 Textbook of the Neurogenic Bladder 


Ureteral orifices 


, 


~“~.Arcus muscle 
fibers of the 
detrusor 


Arcus muscle -*\ k 
fibers of the 
trigone 


Urethral orifice 


Figure 2.2 


Trigone endovesical view. 


At the level of the vesico—urethral junction or bladder 
neck, the original disposition of the muscle fibers allows 
closure during the bladder-filling phase (Figure 2.2). 


The detrusor muscle 


The detrusor muscle can be described as a sphere of smooth 
muscle bundles. It is a complex imbrication of smooth 
muscle fibers without a well-defined orientation, but is usu- 
ally viewed as an external and internal longitudinal layer 
with a circular intermediate layer. These layers are insepara- 
ble in the upper aspect of the bladder. Near the bladder 
neck, on the other hand, they are clearly separable into the 
three layers mentioned earlier. In men and women, the 
muscle fibers of the inner longitudinal layer extend down 
into the urethra in a funnel-shaped structure, allowing con- 
tinence and emptying of the bladder. In men, the middle 
circular layer forms a circular preprostatic sphincter, which 
is responsible for continence, as it forms a ring-like struc- 
ture at the level of the bladder neck. The outer longitudinal 
layers are thickest posteriorly at the bladder base, providing 
a strong trigonal support. Laterally, fibers from this sheet 
pass anteriorly and fuse to form a loop around the bladder 
neck, participating in the continence mechanism. 

The female bladder neck, on the other hand, differs from 
that of the male in the fact that its sphincteric function is 
limited. Some authors have denied its existence altogether. 


The bladder mucosa 


The bladder mucosa, folded when the bladder is empty, is 
loosely adherent to the submucosal tissue and the detrusor. 
Over the trigone and all around the bladder neck it 
becomes much more adherent. The bladder mucosa is 
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Figure 2.3 

Architectural organization of the striated urethral sphincter. 
Location of its three components: the urethral rhabdosphincter, 
the compressor urethra, and the urethrovaginal sphincter. 


richly vascularized and very sensitive to pain, distention, 
temperature, etc. 

Deep to this, the lamina propria forms a relatively thick 
layer of fibroelastic connective tissue that allows consider- 
able distention. This layer is traversed by numerous blood 
vessels and contains smooth muscle fibers collected into a 
poorly defined muscularis mucosa. Beneath this layer lies 
the smooth muscle of the bladder wall. 


The female urethra 


The female urethra is 4 cm long and approximately 6 mm in 
diameter. It begins at the internal vesical orifice, extends 
downward and forward behind the symphysis pubis, and 
terminates at the external urethral meatus about 2 cm 
behind the glans clitoris. The urethral mucosa is surrounded 
by a rich, spongy, estrogen-dependent submucosal vascular 
plexus encased in fibroelastic and muscular tissue. The outer 
layer of the female urethra, covered two-thirds of its proxi- 
mal length by a striated muscle, represents the external uri- 
nary sphincter. This sphincter has its largest diameter in the 
middle part of the urethra. The striated urogenital sphincter 
has two distinct portions: the upper sphincter portion, 
which is arranged circularly around the urethra, corre- 
sponds to the rhabdosphincter, whereas the lower portion 
comprises arch-like muscular bands (Figure 2.3). Many 
small mucous glands open into the urethra, forming what 
are called the paraurethral ducts, which are usually located 
on the lateral margin of the external urethral orifice.” 


The male urethra 


The male urethra (see Figures 2.1a,b) is 18-20 cm long and 
is usually divided into three portions: the proximal or 
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prostatic urethra, the membranous urethra (both included 
in the posterior urethra), and the anterior urethra (com- 
posed of bulbar, pendulous urethra, and fossa navicularis).>* 


e The first segment (3-4 cm) is mainly a thin tube of 
smooth muscle lined by mucosa and extending 
through the prostate from the bladder neck to the apex 
of the prostate. At the origin of the prostatic urethra, 
the smooth muscle surrounding the bladder neck is 
arranged in a distinct circular collar, which becomes 
continuous distally with the capsule of the prostate. 
The internal sphincter extends from the internal vesi- 
cal meatus through the prostatic urethra to the level of 
the veromontanum, providing passive continence via 
the sympathetic supply. The prostatic urethra ends 
distal to the veromuntanum. 

e The second segment, erroneously called the membra- 
nous urethra (there is nothing membranous at that 
level), is also known as the sphincteric urethra. The 
external sphincter has an omega shape and surrounds 
the urethra with a fibrotic segment in its posterior 
midline. It is 2 cm long and 3-5 mm in thickness. It 
has an outer layer of striated muscle and an inner layer 
of smooth muscle, intrinsic to the urethral wall, 
making it both a voluntary and involuntary unit. 
Surrounding the external sphincter is a layer of peri- 
urethral striated muscle fibers, providing assistance in 
voluntary control (i.e. interruption of voiding). 

e The last segment, the spongiose urethra, is contained 
in the corpus spongiosum of the penis and extends 
from the previous segment to the urethral meatus. Its 
diameter is 6 mm when passing urine. It is dilated at 
its commencement as the intrabulbar fossa and again 
within the glans penis, where it becomes the navicular 
fossa. All along the urethra, numerous small mucous 
glands (urethral glands) open into its lumen. 


Vascular and lymphatic 
supply of the bladder and 
urethra 


The superior and inferior vesical arteries are branches of 
the internal iliac arteries. The obturator and gluteal arter- 
ies also participate in the bladder arterial supply. In 
females, an additional branch is derived from the uterine 
and vaginal arteries. Venous drainage forms a complex, 
extensive network around the bladder and into a plexus on 
its inferolateral face, ending in the internal iliac veins. 

Lymphatic drainage originates from all layers of the 
bladder and ends in the external iliac nodes. Most urethral 
lymphatic drainage terminates in the external iliac nodes, 
except for the spongiose urethra and the glans penis where 
it goes to the deep inguinal nodes and from there to the 
external iliac nodes.’ 
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Figure 2.4 
Spinal cord centers and nerves responsible for micturition. 


Urethro—vesical unit 
innervation 


Three nerves provide an anatomic and somatic innervation 
to the bladder (Figure 2.4).>” 


The hypogastric nerve 


The hypogastric nerve has motor and sensitive fibers. It 
originates from preganglionic spinal neurons of the thora- 
columbar intermediolateralis cord at the level of T10 
to L1. 

Preganglionic axons reach the paravertebral sympathetic 
ganglionic chain, where they synapse with ganglionic neu- 
rons. Postganglionic axons cross the superior hypogastric 
plexus to reach the vesical or interior hypogastric plexus. 

The adrenergic innervations delivered by these nerves 
are B type at the level of the dome, and œ; type at the level 
of the bladder base and neck (superficial trigone). The 
global effects of adrenergic bladder innervation are relax- 
ation of the dome and contraction of the bladder neck. The 


16 Textbook of the Neurogenic Bladder 


hypogastric nerves are mainly adrenergic, but also have 
cholinergic as well as peptidergic contingents whose func- 
tion is not well understood. 

In contrast to the rich sympathetic innervation of the 
bladder neck in males, the bladder neck in females receives 
mainly cholinergic fibers and much less adrenergic inner- 
vation. This difference in nerve supply may relate to the 
main genital function attributed to the bladder neck in 
males and its lesser importance in females. 


The pelvic nerves 


The pelvic nerves represent the parasympathetic compo- 
nent of bladder innervation. Their fibers arise from the 
2nd to the 4th sacral segments of the spinal cord and merge 
at the level of the vesical plexus, from where branches reach 
the bladder. These fibers are cholinergic, but some nor- 
adrenergic fibers participate in the composition of the 
pelvic plexus. 

The bladder, including the trigone, is profusely supplied 
by nerves from a dense plexus among the detrusor muscle 
fibers. The majority of these nerves are cholinergic and 
follow the vascular supply, only rarely extending among 
the nonstriated muscle components of the bladder and 
urethra. 


Nonadrenergic 
noncholinergic innervation 


Numerous neurotransmitters have been detected and 
studied in the intramural ganglia of the bladder: they 
include, among others, somatostatin, substance P, neu- 
rokinin, and bombesin. The anatomic and physiologic 
relationships between nonadrenergic/noncholinergic 
innervations and cholinergic/adrenergic innervations are 
still being debated. 


The pudendal nerves 


The pudendal nerves convey both notoriety and sensitivity, 
arising from the spinal motoneurones of Onuf’s nucleus 
located at the base of the anterior horn of $2—S4. Their 
axons cross the pudendal plexus composed of the 2nd, 3rd, 
and 4th sacral nerves and merge to constitute the pudendal 
nerves that are responsible for innervation of all the stri- 
ated muscles of the pelvic floor, including the urethral and 
anal sphincters. 

A study carried out in the University Hospital Zurich by 
Reitz and colleague’ has shown that somatosensory fibers 
of the pudendal nerve are projected onto sympathetic 
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Figure 2.5 
Transverse cut of the spinal cord showing the ascendent and 
descendent pathways of the vesico-sphincteric innervation. 


thoracolumbar neurons controling the bladder neck, a 
process called neuromodulation. It works on a spinal level 
and confers bladder neck competence and continence. The 
authors have also shown that involuntary detrusor con- 
tractions due to bladder overactivity or hyperreflexia can 
be suppressed by electrical pudendal nerve stimulation. 
This was explained by the fact that the stimulated puden- 
dal afferents are directed in the spinal cord to influence 
both the inhibitory effects of the hypogastric or pelvic 
nerves on the bladder dome and the excitatory effects 
of the hypogastric nerve on the bladder neck by way of 
a-adrenergic receptors. 


Afferent fibers 


The origins of these sensory nerves incorporate different 
types of subepithelial receptors (simple or complex vesi- 
cles), capsulated or not, but with controversial distribu- 
tions and functions (Figure 2.5). Present in sympathetic 
and adrenergic innervation, these sensory fibers transmit 
pain and awareness of distention to the central structures. 
Bladder afferents mainly follow the pelvic nerves. Urethral 
afferents follow the pelvic nerves for the proximal urethra, 
the hypogastric nerve for the mid-portion, and the puden- 
dal nerves for the rest of the urethra and sphincter. 
However, their distribution is not clear-cut, and major 
overlapping exists. 

The spinal sensory pathway (need to urinate, pain, tem- 
perature, urgency, sexual arousal) is found in the antero- 
lateral white columns. 

Fibers transmitting conscious sensitivity (bladder dis- 
tention, ongoing micturition, tactile pressure) follow the 
posterior columns, synapsing in the gravelis nucleus and 
cuneatus of the brainstem before reaching the lateral ven- 
tral posterior nucleus of the thalamus and the cortex. 

All these afferent pathways have important connections 
at the spinal cord and brainstem level with micturition 
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Micturition integration brain centers. 


motor fibers and the limbic system that explain the affec- 
tive component of micturition. 


Micturition integration 
centers 


Micturition is not only an autonomic function, but is also 
a voluntary and emotional function under upper central 
nervous system control (Figures 2.5, 2.6, and 2.7). 


Micturition centers at the 
level of the brain 


Micturition is regulated voluntarily by cortical centers at 
the level of the frontal lobe and diffusively in the pre- 
motrice area (paracentral lobule). 

The emotional control of micturition is complex and 
involves the limbic system with participation of the hypo- 
thalamus, the hippocampus, the callosal gyrus, the supra- 
orbitary cortex, the amygdala, and several nonspecific 
thalamic nuclei. 


Locus caeruleus and 
subcaeruleus nucleus 


At the level of the brainstem, particularly the pons and the 
medulla, stimulation of the locus caeruleus complex and 
subcaeruleus nucleus complex (LCC) provokes contraction 
or relaxation of the vesicosphincteric units located in 
the anterior and dorsal parts of the pons and being a com- 
ponent of the Barrington center. Neurons of the LCC 
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Figure 2.7 
Micturition integration centers and nerves. 


are mainly nonadrenergic, but all kinds of neurotrans- 
mitters are involved (cholinergic, serotoninergic, enkepha- 
linergic, etc.). 

The LCC influences micturition through ascending and 
descending fibers. The ascending fibers regulate emotional 
and voluntary decision processes. Descending connections 
arise from the ventral part of the LCC and innervate most 
of the cord. Two catecholaminergic pathways follow 
the intermediolateral column and reach the sympathetic 
thoracolumbar and the parasympathetic sacral neurons. 
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Physiology of the urothelium 


Lori A Birder, William C de Groat, and Gerard Apodaca 


Introduction 


The mucosal surface of the renal pelvis, ureters, and blad- 
der is lined by the urothelium.’ This specialized tissue 
forms a selective barrier that controls the passage of water, 
ions, solutes, and large macromolecules across the mucosal 
surface of the epithelium and prevents entry of pathogens 
into the underlying tissues. The barrier function of the 
urothelium depends, in part, on the presence of high resis- 
tance tight junctions, the unique lipid, protein, and carbo- 
hydrate composition of the apical membrane of the 
outermost umbrella cell layer, and changes in membrane 
turnover within the urothelium.*~“ Beyond serving as a 
simple barrier, new investigation indicates that the urothe- 
lium performs a variety of additional functions including 
the ability to respond to chemical, mechanical, and thermal 
stimuli, as well as release of mediators such as ATP and 
nitric oxide (NO) that may communicate the state of the 
urothelial environment to the underlying nervous and 
muscular systems.” Study of urothelial sensory function is 
providing new therapeutic targets for bladder-associated 
diseases such as interstitial cystitis (IC), spinal cord injury, 
and detrusor overactivity that may result, in part, from 
urothelial responses to external stimuli or release of medi- 
ators.*° This chapter will review the specialized anatomy of 
the urothelium and then explore new insights into the role 
of uroplakins (UPs), tight junctions, membrane turnover, 
urothelial-neuronal signaling, and, finally, the clinical 
implications of these recent findings. 


Anatomy of the urothelium 


Cellular composition of the 
urothelium 


The urothelium forms the interface between the urinary 
space and the underlying vascular, connective, nervous, 
and muscular tissues. ™” It is a stratified epithelium, some- 
times referred to as transitional epithelium, being 


somewhere in the continuum between nonkeratinizing 
stratified and pseudostratified epithelia. The urothelium is 
comprised of basal, intermediate, and umbrella cell layers 
(Figure 3.1a). The basal cell layer is one cell thick and is 
comprised of relatively small cells (~ 10 um in diameter), 
which sit on a continuous basement membrane and form 
intimate contacts with the subjacent capillary bed. The 
basal cells are generally quiescent (the mitotic index is on 
the order of 0.1-0.5%) and have an estimated half-life of 
3-6 months.” The intermediate cell layer is composed of 
one to several cell layers of pear-shaped cells (10-25 um in 
diameter). The number of intermediate cell layers depends 
on the degree of bladder distention.’ Like basal cells, inter- 
mediate cells are usually quiescent, but can rapidly differ- 
entiate when the outer umbrella cell layer is damaged.’ The 
umbrella cell layer is composed of very large polyhedral 
cells with diameters of 25-250 um (Figure 3.2). The long- 
lived umbrella cells can be multinucleate, although this is 
somewhat species dependent, and the generation of the 
multinucleate umbrella cells may result from intermediate 
cell-cell fusion.”” A population of discoidal/fusiform vesi- 
cles is found under the apical membrane of the umbrella 
cell layer (Figure 3.1b). Although the shape of these vesicles 
is somewhat species dependent, their function is to deliver 
membrane and associated proteins to the apical surface of 
the umbrella cell. Tight junctions are found at the apico- 
lateral junction of the umbrella cells,'® and form a tight seal 
between adjacent umbrella cells. 


Specializations of the luminal 
membrane of umbrella cells 


The apical surface of umbrella cells contains several special- 
izations. It is covered by raised hinges (also called micro- 
plicae) and intervening areas called plaques (Figure 3.2). 
Plaques occupy approximately 70-90% of the surface of the 
umbrella cell.”'?!” The arrangement of hinges and plaques 
gives the apical surface its characteristic scalloped appear- 
ance, when viewed in cross-section (Figure 3.1b). The hinge 
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Figure 3.1 

Ultrastructure of the urothelium. (a) Transmission electron 
micrograph of mouse urothelium showing umbrella cells (UC), 
intermediate cells (IC), and basal cells (BC). (b) Examples of 
fusiform vesicles (Fv) under the apical plasma membrane of the 
umbrella cells. (c) AUM of surface umbrella cells. 


areas are not well understood, but contain at least one 
unique protein called urohingin.'? Because the plaque 
regions are crystalline in nature (see below), presumably all 
other apically distributed nonplaque proteins such as recep- 
tors and channels are localized to the hinge areas. The 
membrane associated with the hinge and plaque regions is 
highly detergent insoluble," likely reflecting the unusual 
lipid composition of this membrane, which is rich in cho- 
lesterol, phosphatidyl choline, phosphatidyl ethanolamine, 
and cerebroside — a lipid profile similar to myelin.’ 

An additional characteristic of the membrane associated 
with the plaque regions is that the outer leaflet of the 
plasma membrane appears to be twice as thick as the inner 
leaflet, forming an asymmetric unit membrane (AUM; 
Figure 3.1c).!!!%!7 The AUM is composed of a paracrys- 
talline array of 16-nm diameter AUM particles that are 
composed of six subunits, each of which occupies both the 
inner and outer ring of the AUM particle (Figure 3.3a).'” A 
plaque contains approximately 1000-3000 AUM particles. 


Figure 3.2 

Scanning electron micrograph of mucosal surface of mouse 
umbrella cell layer. (a) The tight junction ring of an individual 
umbrella cell is demarcated by arrows. (b) High magnification 
view of apical surface of umbrella cell. Examples of hinges (‘H’) 
are marked with arrows. 


Constituents of the AUM particles include the uroplakins 
(UPs), a family of five proteins including the tetraspanin 
family members UPIa and UPIb, and the type I single span 
proteins UPI, UPIIIa, and UPIIIb (Figure 3.3b).'*!° In 
mammalian tissues, UPIa, UPII, UPIIIa, and UPIIIb are 
only expressed in the uroepithelium and are concentrated 
in the umbrella cell layer. UPIb is also expressed in the 
cornea and conjunctiva.” Recent genomic analysis indi- 
cates that UPs are likely formed by gene duplication and 
are absent in some vertebrates but are present in others 
including Xenopus laevis (frog), Gallus gallus (chicken), 
and Denio rerio (zebrafish).?! 

Both protein and structural studies are leading to a new 
understanding of how UPs interact to form AUM particles. 
Biochemical experiments using purified proteins have 
defined that UPIa forms heterodimers with UPII and UPIb 
pairs with UPIIIa or UPIIIb (Figure 3.3b).'®?* Cryo- 
electron microscopy (EM) analysis indicates that the 
tetraspanins UP1a/UP1b form rod-shaped structures that 
interact with their UpII/UPIII bridging partner through 
interactions between the transmembrane and extracellular 
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Figure 3.3 


AUM particles. (a) 3D structure of the 16-nm AUM particle, which is composed of 6 subunits (the perimeter of one subunit is marked in 
blue) that occupy the inner and outer ring of the particle. A UPla/UPII heterodimer is indicated by an arrowhead and a UPIb/UPIII 
heterodimer is indicated by an arrow. Bar = 2 nm. (Reprinted with permission Min et al.”’) (b) Interactions between UPla/UPII and 


UPIb/UPIIla. UPla and UPIb are members of the tetraspanin family of proteins and have four transmembrane domains. UPII, UPllla, and 
UPIIIb cross the membrane once and are type | membrane proteins. They share a ‘conserved domain’ (shown in red), which includes the 
N-terminal portion of the transmembrane region and, in UPIIla and UPIIIb, extends towards the extracellular domain. The sequence of 

the extracellular region of the conserved domain of UPIIla is shown in single amino acid code. The region of the extracellular domain of 


UPIIIb colored in yellow is > 90% identical to a portion of the human DNA mismatch repair enzyme-related PMSR6 protein. The small 
green circles represent potential sites for N-linked glycan addition. (c) The left-most heterotetrameric interaction that occurs between 
UPla/UPII in the inner ring and UPIb/UPIIla in the outer ring is primarily mediated by the extracellular domains of UPII and UPllla. The 
right-most interaction between adjacent UPla/UPII heterodimers occurs in the inner ring and involves pairings between the 


transmembrane domains of UPla and UPII. 


domains of the two molecules.” The extracellular ‘head’ 
domain of UPII or UPIIIa extends over the second extra- 
cellular domain of the tetraspanin protein (Figure 3.3b,c). 
The UPIa/UPII pairs are localized to the inner ring of the 
AUM particle, while the UPIb/UPIIa pairs are localized to 
the outer ring. Interactions between adjacent UPIa/UPII 
pairs in the inner ring are mediated through association 
between UPIa with the neighboring UPII of the adjacent 
UPIA/UPII pair, whereas interactions between UPIa/UPI 
in the inner ring and UPIb/UPIIIa in the outer ring occur 
through attachments between the extracellular head 
regions of UPII and UPIIIa (Figure 3.3c). Further study is 
sure to give a finer resolution and understanding of how 
UPs assemble to form AUM particles, and how the latter 
coalesce to form plaques. Discussion below will examine 


UP function and the role these proteins may play in 
urinary tract diseases. 


Urothelial barrier function: 
role of claudins and 
disruption by 
antiproliferative factor (APF) 


An important function of the umbrella cells that line the 
mucosal surface of the urinary bladder is to form a barrier 
between the constituents of the urinary space (including 
toxic metabolites and pathogens) and the underlying 
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muscular, neuronal, and vascular tissues. Several factors 
contribute to this barrier function. The first is a mucin/ 
glycosaminoglycan layer that closely apposes the apical 
surface of the umbrella cell and may prevent bacterial 
attachment and diffusion of urine components across the 
epithelium.**”> The second is an apical plasma membrane 
rich in cholesterol and glycosphingolipids with an inher- 
ently low permeability to urea and water.’ Third, and the 
subject of the following two subsections, a high-resistance 
paracellular barrier that is formed by the umbrella cell- 
associated tight junctions’ and is disrupted by APF released 
from interstitial cystitis (IC) urothelial cells. The fourth 
factor is the plaque proteins described above that may play 
an important role in forming the apical membrane barrier 
to solutes (see discussion below). Finally, and also dis- 
cussed below, is membrane turnover at the apical plasma 
membrane of the umbrella cell, which allows for surface 
area expansion during filling and recovery of membrane 
during voiding.' 


Figure 3.4 

Tight junctions and claudins in 
urothelium. (a) TEM analysis of the 
junctional complex between adjacent rat 
umbrella cells showing the tight junction 
(TJ), adherens junction (AJ), and 
desmosome (Dm). The region of the tight 
junction is magnified in the inset. 
‘Kissing points’ are marked with arrows. 
Bar = 0.5 um. (b) Topology of the 
claudins. The approximate length of the 
extracellular loops and cytoplasmic 
domains is variable and depends on the 
claudin species involved. The location of 
the WGLWCC signature motif in the first 
extracellular loop of all claudin family 
members is shown. (c) Localization of 
claudin-4 (Cld-4) and the tight junction 
associated protein ZO-1 in the umbrella 
cell layer. Scale, one unit is ~ 16.8 um. 
(Figure 3.4c is reprinted with permission 
from Acharya et al."°) 


Role of claudins 


The tight junction is located at the apico-lateral junction of 
a polarized epithelial cell and forms a continuous belt that 
functions as a regulated seal between neighboring epithe- 
lial cells.” Tight junctions regulate paracellular transport 
(gate function) and restrict movement of lipids and mem- 
brane proteins between the apical and basolateral plasma 
membrane domains (fence function). The tight junctions 
of all epithelial cells, including those of umbrella cells, 
show characteristic regions where the membrane of appos- 
ing cells comes in close proximity to form so-called ‘kissing 
points’ (Figure 3.4a).’? When examined by freeze fracture 
techniques, the kissing points appear as multiple anasta- 
mosing filamentous ‘strands’ that surround the apico- 
lateral junction of the epithelial cells.** Tight junctions are 
composed of multiple proteins including the claudins, a 
family of 24 membrane proteins that share the following 
common features: a molecular mass of 20-25 kDa, four 
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transmembrane domains, two extracellular loops, the 
presence of a conserved WGLWCC ‘signature motif’ in the 
first extracellular loop, and a C-terminal PDZ (PSD-95, 
discs large, ZO-1)-binding motif that allows for interac- 
tions with PDZ domains of tight junction-associated cyto- 
plasmic proteins such as ZO-1 (Figure 3.4b).”° 

Claudins are localized to junctional strands, and when 
claudins are expressed ectopically in nonpolarized L-cell 
fibroblasts they induce cell-cell interactions and formation 
of strands.” The expression pattern of claudins is tissue 
and segment specific, ’™?? and can be developmentally reg- 
ulated.*”?? A significant body of recent work indicates that 
claudins regulate paracellular ion transport, and the cur- 
rent model is that the extracellular loops of claudins pre- 
sent on apposing cell surfaces combine to form pores that 
allow selective transport of ions.”™®?8 Presumably, the spe- 
cific claudins expressed by the epithelium, and their ability 
to form homomeric and heteromeric claudin-claudin 
interactions, are the molecular basis of the distinct paracel- 
lular transport properties associated with each epithelium. 
Hereditary loss of claudin-14 leads to deafness** and loss of 
claudin-16 expression results in hypomagnesemia and 
hypercalciuria.* In addition, a growing literature indicates 
that changes in claudin expression may alter the metastic 
potential of numerous tumor types,” and tight junctions 
are likely to play an important, albeit ill-defined role in 
bladder cancer.*” Claudins are also targets for bacterial and 
fungal toxins including Clostridium perfringens entero- 
toxin’? and ochratoxin A.* 

Our knowledge of the claudin family members 
expressed in the urothelium and the role they play in form- 
ing this high-resistance barrier (> 75000 Q - cm?) is 
incomplete but growing. Claudins-4, -8, -12, and possibly 
-13 are expressed by the uroepithelium of rat, mouse, and 
rabbit bladder.'° Claudins-8 and -12 are localized to the 
tight junction of the umbrella cell layer, whereas claudin-4 
is associated with the tight junctions as well as the basolat- 
eral surface of the umbrella cells and the plasma mem- 
brane of the underlying cell layers (Figure 3.4c). The 
localization of claudin-4 to basolateral membranes is con- 
sistent with the possibility that it may play an additional 
role in cell-cell adhesion. Other studies indicate that addi- 
tional claudin species are expressed by human uroepithe- 
lium including claudins-3, -4, -5, and -7.*° Claudin-3 is 
found in the umbrella cell tight junction, claudin-5 is 
expressed at the basolateral surface of the umbrella cell 
layer, while claudins-4 and -7 are localized at the intercel- 
lular borders of all urothelial cell layers. RT-PCR data indi- 
cate that claudins-1, -2, -8, and -10 may also be expressed. 
Further analysis using cultured human urothelial cells 
indicates that expression of claudin isoforms is dependent 
on the time in culture and modulators of signaling by the 
epidermal growth factor (EGF) receptor and the nuclear hor- 
mone receptor peroxisome proliferator activated receptor.” 
Activation of the latter, in the presence of EGF receptor 


antagonists, promotes terminal differentiation of the cul- 
tured urothelium. In addition to regulating claudin expres- 
sion, this treatment also promotes localization of claudins 
to the tight junctions and intercellular borders of the cul- 
tured urothelium. 

Further study will increase our understanding of how 
claudins contribute to the high-resistance phenotype- 
associated urothelium, and how disruptions of tight junctions 
contribute to bladder diseases such as outlet obstruction, 
bacterial cystitis, IC, and experimentally-induced spinal cord 
injury, all of which are characterized by alterations of the 
urothelium and umbrella cell junctional complex.“ 


Antiproliferative factor and 
urothelial barrier function 


IC is a painful bladder syndrome that affects predomi- 
nantly women.” It is of unknown etiology and is often 
characterized by pain in the bladder or surrounding pelvic 
region and may be accompanied by urgency and frequency. 
Cytoscopic examination can reveal petechial hemorrhages 
and ulcers that extend into the lamina propria (Hunner’s 
ulcers), while at the cellular level there is a loss and/or thin- 
ning of the urothelium. Intriguingly, isolated urothelial 
cells from patients with IC, but not those of control 
patients, release antiproliferative factor (APF), which, as 
the name implies, slows urothelial cell growth.*’ 

APF has been isolated and purified and is a nonapeptide 
(T-V-P-A-A-V-V-V-A, in single amino acid code) that is 
identical to residues 541-549 of the 6th transmembrane 
domain of the Wnt ligand receptor Frizzled 8.°° The pep- 
tide is glycosylated by a sialic acid &-2,3 linked to galactose 
B1-3-N-acetylgalactosamine, which in turn is o-O-linked 
to the N-terminal T;,, residue of the APF peptide. The 
sialic acid moiety is not required for APF activity, but the 
N-acetylgalactosamine is. The putative receptor for APF 
was recently identified and is the cytoskeleton-associated 
protein 4/p63, which is expressed by isolated urothelial 
cells.” Addition of function-blocking antibodies to the 
receptor, or downregulation of the receptor by siRNA tech- 
nology, diminishes the ability of APF to decrease urothelial 
proliferation. The pathways that are modulated down- 
stream of receptor activation and regulate cell proliferation 
remain to be identified. 

In addition to its role in regulating proliferation, APF may 
also regulate urothelial tight junction barrier function. 
Cultured urothelium from IC patients shows increased para- 
cellular flux of tracers such as mannitol and inulin.>? 
Furthermore, expression of two tight junction-associated 
proteins, ZO-1 and occludin, is decreased. Significantly, 
treatment of urothelial cells derived from normal tissues 
with purified APF results in increased paracellular flux and 
decreased expression of ZO-1 and occludin.” These 
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studies indicate that the leaky urothelium observed in 
patients with IC may result, in part, from APF-induced 
defects in the umbrella cell-associated tight junction. It is not 
known if APF acts through the cytoskeleton-associated pro- 
tein 4/p63 receptor to induce these changes, nor is there any 
information about the pathways that occur downstream of 
receptor activation are not known. 


Functions of plaque- 
associated proteins 


Analysis of knockout mice lacking UPIIIa or UPII indicates 
that plaques may play a role in barrier function. UPHIa 
knockout mice show few plaques, likely reflecting the abil- 
ity of the minor amounts of UPIIIb to form heterodimers 
with UPIb.** In contrast, UPII knockout mice form no 
plaques, stressing the importance of this UP in plaque for- 
mation.™ Intriguingly, the apical membranes of umbrella 
cells from UPHIa knockout animals show increased perme- 
ability to the normally membrane impermeant dye methyl- 
ene blue.” Biophysical analysis confirms these findings and 
demonstrates that bladders from UPIIla knockout animals 
have a significant increase in water and urea permeability 
across the umbrella cell layer; however, junctional perme- 
ability appears to be unchanged.‘ These results are the first 
indication that integral membrane proteins may contribute 
to the apical membrane permeability barrier of the uroep- 
ithelium. It has not been reported whether UPII knockout 
mice share a similar phenotype, but it is likely to be the case. 

In addition to defects in permeability, lack of UPII and 
UPIIa expression has other dramatic consequences 
including formation of a hyperplastic uroepithelium with 
small umbrella cells, perhaps a result of increased turnover 
of the epithelium or lack of normal apical membrane traf- 
fic, and enlarged obstructed ureters (a result of urothelial 
hyperplasia).°?* The latter leads to vesicoureteral reflux, 
resulting in hydronephrosis and, eventually, death in some 
animals.” Although vesicoureteral reflux is a hereditary 
disease that affects ~ 0.5-1.0% of the human population, 
the mode of inheritance is not well understood.” The 
knockout animals indicate that deficiencies in plaque sub- 
units or plaque formation may account for some of these 
genetic abnormalities. However, two groups have exam- 
ined patients with primary vesicoureteral reflux and 
observed no genetic linkage between the disease and 
defects in the UPIIIa locus.**°’ In contrast, mutations in 
the UPIIa gene are associated with renal hypodyspla- 
sia,>°? a disease characterized by small kidneys with 
decreased numbers of nephrons and other developmental 
defects. In one study, de novo mutations in the gene encod- 
ing UPIIIa were found in 4 of 17 children with renal 
hypodysplasia,** while a separate analysis showed a much 
lower rate of de novo mutations (approaching 0.4%).°? 
Mutations observed included conversion of glycine at 


position 202 to an aspartate in the so-called ‘conserved 
domain’ (I-D-T-W-P-Gy9).R-R-S-G-G-M-I-V-I-T-S-I-L- 
G-S-L-P-F-F) of the UPIIIa gene” (Figure 3.3b). The pos- 
sible significance of this mutation is described below. 

Why UPII/UPIlIIa deficiency or mutations in UPIIIa leads 
to growth and developmental defects is unknown. It could 
simply reflect the altered permeability barrier, or there may 
be other causes. One possibility is that UPIIIa may be 
involved in downstream signaling events that are important 
for proper growth and differentiation. Intriguingly, a Xenopus 
ortholog of UPIIIa (called xUPIIIa) is expressed in the kid- 
ney, urinary tract, ovary, and eggs of the frog along with 
xUP1b.©* xUPla, xUPII, and xUPIIIb mRNA are also 
expressed in frog tissues.’ Antibodies to the extracellular 
domain of xUPIIIa block egg fertilization, implicating 
xUPIlla in this process.® The data thus far indicate that 
xUPIIIa and xUP1b form a complex at the plasma mem- 
brane with the ganglioside GM-1, at least when expressed in 
HEK293 cells (Figure 3.5).°' At the cell surface the 
xUPIIla/xUP1b complex interacts with the Src kinase, mod- 
ulating Src localization and negatively regulating its activity.“ 
Upon interaction with the oocyte, the sperm releases a pro- 
teinase(s) that likely acts upon the G-R-Rjsg motif present in 
the conserved domain of xUPIIIa.” The cleavage of xUPIIIa 
relieves the inhibitory action of xUPII]a/xUP 1b on Src, which 
then phosphorylates tyrosine residue 249 in the cytoplasmic 
domain of xUPIIIa.” Exogenously added cathepsin-B (which 
recognizes and cleaves peptides containing G-R-R residues) 
can also promote xUPIIlIa cleavage, Src activation, and 
xUPIlla phosphorylation. While the function of the cleaved, 
phosphorylated fragment of xUPII]a remains to be defined, 
activated Src stimulates downstream Ca”* release by activat- 
ing xPLCy, eventually resulting in resumption of meiosis II. 
Although it is unknown whether UPIIIa plays a related func- 
tion in regulating signaling within mammalian urinary tract- 
associated tissues, such a requirement could explain the 
significant abnormalities associated with loss of UPs in mam- 
malian systems.° It is intriguing to note that Gj, in xUPIIa 
is equivalent to Gyo) in the conserved domain of hUPIIIa, 
mutation of which results in renal hypodysplasia. 


Membrane turnover at the 
apical surface of umbrella 
cells 


Coordinated 
exocytosis/endocytosis in 
response to stretch 


A crucial aspect of the barrier function of the uroepithe- 
lium is that it must be maintained in the face of cyclical 
changes in hydrostatic pressure as the bladder fills 
and empties. At the organ level, this is accomplished by 
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Function of xUP1b/xUPIIla in Xenopus sperm-egg fertilization. xUPI1/xUPIIla are found in cholesterol- and GM1-enriched lipid 
microdomains at the surface of eggs. Src is associated with this complex in an inactive state. Cathepsin-B-like enzymes released from 
sperm proteolyze xUPIlla, possibly at the G-R-R motif found in the conserved domain. The cleavage of xUPIlla results in the 
autophosphorylation of Src Y,,; (not shown) as well as Src-dependent phosphorylation of Y>35 in the cytoplasmic domain of xUPIIla. 
Activated Src phosphorylates xPLC (not shown) and stimulates increased cytoplasmic Ca? and entry into meiosis Il. The function of 


phosphorylated cleaved xUPIlla is unknown. 


unfolding of the highly wrinkled mucosal surface during 
bladder filling and refolding upon voiding. At the cellular 
level this accommodation involves both changes in the 
morphology and membrane dynamics of the uroepithe- 
lium. As the bladder fills the uroepithelium becomes thin- 
ner, apparently the result of intermediate and basal cells 
spreading laterally to accommodate the increased urine 
volume.”” The umbrella cells undergo a large shape change 
that involves progression from a roughly cuboidal mor- 
phology in the empty bladder to one that is flat and squa- 
mous in the filled bladder.” The umbrella cell shape 
transformation is accompanied by discoidal/fusiform vesi- 
cle exocytosis that increases the apical surface area of the 
umbrella cell and the overall surface area of the bladder, 
allowing the bladder to accommodate additional urine 
volume (Figure 3.6). 

Surprisingly, stretch not only stimulates exocytosis, but it 
also stimulates rapid endocytosis.® The endocytosed mem- 
brane components including UPs are likely transported to 
lysosomes where they are degraded,® as the amount of 
endocytosed membrane proteins and UPs decreases with 
increasing exposure to stretch. Recycling of internalized 
membrane may also occur, but this has not been examined. 
Apparently, the rates of endocytosis and exocytosis are such 
that the net effect is to add membrane to the apical surface 
of the cell. At first glance it seems counterintuitive that 
hydrostatic pressure would simultaneously induce exocyto- 
sis and endocytosis; however, hydrostatic pressure-induced 
endocytosis would modulate the increase in apical surface 
area brought about by exocytosis, and it would ensure 
turnover of membrane components. 
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Figure 3.6 

Model for vesicle dynamics in umbrella cells. Filling stimulates 
both exocytosis and endocytosis. The net rates of these processes 
are such that membrane is added to the apical surface. 
Endocytosed membrane is delivered to lysosomes where 
contents are degraded. Upon voiding the added membrane is 
internalized and re-establishment of the vesicle pool may result 
from both endocytosis and de novo synthesis along the 
biosynthetic pathway. (Reprinted with permission from 
Apodaca."') 


Beyond serving as a system to modulate surface area 
expansion in response to filling, exocytosis and endocytosis 
are likely to play a crucial role in modulating the release of 
mediators and regulating the surface density of the increas- 
ingly large number of channels, receptors, and other pro- 
teins localized to the plasma membranes of the urothelial 
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cells. In doing so, these membrane trafficking pathways 
can modulate the sensory and transducer functions of the 
epithelium described below. Exocytosis and endocytosis 
may also play important roles in bladder disease processes. 
For example, the uroepithelium of patients with IC releases 
increased amounts of ATP and expresses increased levels of 
P2X, and P2X; receptors,” both the likely consequence 
of increased exocytosis. Furthermore, binding of uropatho- 
genic Escherichia coli to the umbrella cell surface is depen- 
dent on surface expression of uroplakin Ia.” Following 
binding, bacteria can be internalized by the umbrella cell, 
where they serve as a source of recurrent infection.” By 
blocking bacterial association and internalization, recurrent 
bacterial infections may be prevented. 


Events following voiding 


In cells such as neurons or mast cells, exocytosed membrane 
is recovered in a process termed compensatory endocyto- 
sis.”4 In the case of the umbrella cell, apical membrane 
added during bladder filling needs to be recovered upon 
voiding (Figure 3.6); however, there is little understanding 
of this process. Early studies instilled fluid-phase endocytic 
markers into the bladder just after urination.'*”> However, 
filling the bladder increases stretch and stimulates the 
stretch-induced endocytosis described above.’ Other stud- 
ies placed urothelial tissue in hypotonic buffer, which 
increases cell volume and surface area, and subsequently in 
isotonic buffer, which stimulates endocytosis.”° Although 
the physiologic significance of this experimental manipula- 
tion is unclear, endocytosis was rapid and dependent on the 
actin and microtubule cytoskeletons.”’ Finally, there is evi- 
dence that apical membrane added during short-term or 
extended stretch is rapidly recovered when the stretch stim- 
ulus is removed.” The intracellular fate of internalized 
membrane is not known. One possibility is that it serves to 
re-establish the population of discoidal vesicles.'®7° 
However, endocytosed marker proteins (including fluid- 
phase and membrane-bound lectins) only label a small 
fraction of the total discoidal vesicle pool,'®’*”* indicating 
that the majority of discoidal vesicles may be formed de 
novo from newly synthesized proteins (Figure 3.6). 


Modulation of exocytosis by 
second messengers, Rab 
GTPases, ATP, adenosine, and 
EGF receptor signaling 


Role of second messengers 


Exocytosis in the umbrella cells requires metabolic energy 
(in the form of ATP) and the actin, intermediate filament, 


and microtubule cytoskeletons.’””?*° In addition, discoidal/ 
fusiform vesicle exocytosis is regulated by Ca** and cAMP. 
Raising cytoplasmic Ca”*, either by treating the epithelium 
with the Ca?” ionophore A23187 or with the ER Ca** uptake 
inhibitor thapsigargin, stimulates exocytosis in the umbrella 
cell layer.°* Conversely, exocytosis is blocked when tissue is 
bathed in a nominally Ca’*-free solution or if cells are 
treated with inhibitors of inositol 1,4,5-trisphosphate 
(IP3)-dependent Ca™ release pathways. Thus both extra- 
cellular and intracellular Ca** may play a role in this 
process. An additional secondary messenger that is pro- 
duced when the urothelium is exposed to hydrostatic pres- 
sure is cCAMP.® Artificially raising cAMP in umbrella cells, 
by treating tissue in the absence of pressure with forskolin, 
causes a dramatic increase in exocytic activity, but not 
endocytic activity. Unopposed by endocytosis, forskolin 
induces change in the apical surface area of umbrella cells 
of greater than 120%. Forskolin also stimulates exocytosis 
in isolated uroepithelial cells.' Treatment with H-89, an 
inhibitor of the downstream cAMP effector protein 
kinase A, partially inhibits (by ~ 50%) stretch-induced 
changes in the apical surface area of umbrella cells.% 
These data indicate that cAMP, possibly acting through 
protein kinase A, modulates stretch-induced exocytic 
traffic in umbrella cells. 


Role of Rab27b 


The majority of, if not all, membrane trafficking events are 
regulated by Rab GTPases, which regulate cargo selection, 
vesicle budding, organelle motility, and vesicle fusion.” 
Which ones regulate discoidal vesicle exocytosis remains an 
open question, although Rab27b is expressed in the 
bladder and is localized to discoidal vesicles.** The other 
isoform of Rab27, Rab27a, has been implicated in 
melanosome traffic and exocytosis of lytic granules in 
cytotoxic T-cells.* Rab27a links melanosomes, through 
melanophilin, to the unconventional myosin Va, which 
interacts with the actin cytoskeleton and serves to retain 
melanosomes at the cell periphery." In a similar manner, 
Rab27b could interact with myosin motor proteins to 
tether discoidal/fusiform vesicles to the actin cytoskeleton, 
ultimately promoting vesicle exocytosis. In fact, discoidal/ 
fusiform vesicles are scattered throughout the umbrella cell 
cytoplasm of unstretched tissue, but accumulate under the 
apical membrane as the bladder fills.'"*** 


ATP release and exocytosis 


Isolated urothelium releases ATP from both mucosal and 
serosal surfaces when exposed to hydrostatic pressure,°* 
and it is hypothesized that ATP released from the serosal 
surface of the urothelium during bladder filling stimulates 
P2X;-containing receptors on suburothelial sensory nerve 
fibers, thus signaling information about urinary bladder 
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filling.” ATP release may occur, in part, by vesicular release 
as it is inhibited by the secretory inhibitor brefeldin A 
(BFA), and potential stores of ATP are observed in tissue 
stained with the ATP-binding dye quinacrine.’' However, 
pharmacologic analysis indicates that release of ATP may 
also occur through other mechanisms including connexin 
hemichannels, ABC proteins, and nucleoside trans- 
porters.”' Other studies indicate that ATP release may 
depend on the activity of the amiloride-sensitive epithelial 
sodium channel, which is proposed to act as a 
mechanosensor in this system.*” ATP release may also 
require expression of the transient receptor potential chan- 
nel, vanilloid subfamily member (TRPV1), an ion channel 
expressed by nociceptive (pain sensing) afferent neurons 
and the urothelium.” Isolated bladders from TRPV1 
knockout animals fail to release ATP in response to pres- 
sure and do not increase umbrella cell apical surface area in 
response to pressure.” The link between TRPV1 and ATP 
release is unknown, but could reflect TRPV1 conductance 
of extracellular Ca™ into the cell. 

In addition to playing a role in transmitting informa- 
tion to the nervous system, ATP may also play a role in 
regulating exocytosis in the umbrella cell layer. P2X;, 
P2X3, P2X,, and P2X; receptor subunits are expressed on 
the serosal surfaces of urothelial cells.”*-*° Intriguingly, 
addition of apyrase (a membrane-impermeant exonu- 
cleotidase) to the serosal, but not mucosal, side of isolated 
urothelial tissue prevents stretch-induced exocytosis in 
umbrella cells, indicating that extracellular ATP release 
acts as an upstream signal for exocytosis.’ Furthermore, 
the P2 receptor inhibitor PPADS blocks stretch-induced 
exocytosis, pointing to P2 receptor involvement in this 
process. Significantly, stretch-regulated exocytosis is inhib- 
ited in knockout mice lacking expression of P2X,, P2X;, or 
both subunits, implicating these particular purinergic 
receptors in discoidal/fusiform vesicle exocytosis. ATP- 
stimulated exocytosis is blocked by treatments that remove 
extracellular Ca** or prevent release of Ca** from intracel- 
lular stores, indicating that Ca* is an important second 
messenger in this process.” In addition to the previously 
described role for urothelially released ATP as a signal for 
bladder filling,” these observations establish ATP as a 
physiologically relevant upstream signal for regulating 
membrane turnover in umbrella cells. 


Adenosine receptor expression and 
function 


Adenosine receptors are expressed in all tissues and play 
important roles in regulating cellular functions such as neu- 
rotransmission, cell polarization, regulation of ion trans- 
port, and exocytosis.” Surprisingly little is known about 
how adenosine modulates bladder function in general, and 
uroepithelial biology in particular. Western blot analysis 


confirms expression of all four receptors in the urothelium, 
and immunofluorescence staining shows that Aj, A2» Ap, 
and A; receptors are expressed in urothelium/submucosa, 
with A, being found on the apical surface of the umbrella 
cell layer.” The other receptors are expressed along the 
basolateral surfaces of the umbrella cell layer and the 
plasma membranes of the underlying urothelial cell layers. 
Stretching the epithelium stimulates release of adenosine 
from both surfaces of the tissue, and when adenosine is 
added to the serosal or mucosal surface of urothelium there 
is an increase in exocytosis.’ Deaminase (which converts 
adenosine into inosine) abolishes these adenosine-induced 
capacitance increases. While A,-, A;,-, and A;-, selective 
agonists all increase membrane capacitance after being 
administrated serosally, only an A,-selective agonist 
increases membrane capacitance significantly after being 
administrated mucosally.”* Antagonists of adenosine recep- 
tors, as well as deaminase, have no effect on stretch-induced 
capacitance increases. However, adenosine potentiates the 
effects of stretch when added to the mucosal surface of pres- 
sure-stimulated epithelium.® These results indicate that the 
urothelium is a site of adenosine biosynthesis, and that 
adenosine receptor signaling may contribute to the modu- 
lation of umbrella cell exocytosis. 


Role of EGF receptor in exocytosis 


EGF/EGF-receptor is known to play an important role in 
urothelial proliferation during regeneration and during neo- 
plastic transformation.”*""”! Surprisingly, new work indi- 
cates that apical EGF-receptor signaling may play a central 
role regulating umbrella cell exocytosis." When isolated 
urothelium is stretched the ensuing increase in exocytosis is 
marked by two phases: a rapid phase that occurs during the 
first 30 minutes of stretch, followed by an extended slow 
phase that occurs over the next several hours. The slow phase 
depends on protein synthesis and is inhibited by cyclohexa- 
mide and BFA. The early phase is not inhibited by these 
agents, indicating that it may involve exocytosis of pre- 
formed vesicles. Slow-phase exocytosis is inhibited by EGF 
receptor antagonists, and the exogenous addition of EGF 
stimulates exocytosis in the absence of stretch after a lag of 
30-60 minutes. Although urine is known to contain EGE, 
undiluted urine does not stimulate exocytosis in this system. 
Stretch stimulates EGF receptor activation and this activa- 
tion appears to depend on upstream cleavage of the heparin- 
binding (HB)-EGF transmembrane precursor at the apical 
surface of the umbrella cell, releasing HB-EGF to bind to 
apically localized EGF receptors (Figure 3.7). Once activated, 
the EGF receptor stimulates activation of downstream 
ERK/p38 MAP kinase signaling cascades. The latter are 
known to regulate transcription and could explain the pro- 
tein synthesis dependence of late-phase exocytosis. The pro- 
tein products that are synthesized upon stretch and required 
for exocytosis are not known. 
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Figure 3.7 


Regulation of exocytosis by transactivation of EGF receptor and downstream MAPK-dependent protein synthesis. Bladder filling may 
activate mechanosensitive ion channels (MSC) and/or stimulate release of mediators such as ATP and adenosine (not shown), which bind 
to P2X, P2Y, or adenosine receptors (AR). The increased intracellular Ca? that results from P2X or MSC activation or stimulation of 
heterotrimeric G proteins downstream of ligand binding to P2Y receptors or ARs initiates at the mucosal (step 1A) or possibly serosal 
(step 1B) surfaces of the cell. Either pathway activates metalloproteinase activity through an uncharacterized mechanism. The 
metalloproteinase (possibly a member of the disintegrin and metalloproteinase family or matrix-associated metalloproteinase family) 
cleaves apical pro-HB-EGF (step 2) to liberate soluble HB-EGF, which stimulates EGF receptor dimerization and cytoplasmic 
autophosphorylation (step 3). The activated EGF receptor stimulates signaling molecules including those that may activate p38 and 
ERK1/2 MAPK signaling pathways (step 4). MAPK signaling pathways may regulate the transcription of gene products (step 5), which 
encode unknown proteins (step 6) that facilitate exocytosis of discoidal vesicles that mediate the late-phase expansion of apical surface 
area (step 7). (Reprinted with permission from Balestreine and Apodaca.') 


Autocrine activation of EGFR by mechanical stimuli 
such as stretch may occur as a result of receptor transacti- 
vation. In this process upstream stimuli such as elevated 
intracellular Ca** and activation of G-protein-coupled 
receptors promotes proteolytic processing and release of 
ErbB family ligands, typically HB-EGF, that bind to and 
activate the EGF receptor.’ In addition to P2X receptors 
the umbrella cells also likely express G-protein coupled P2Y 
receptors at their mucosal surface.’ One plausible model is 
that ATP binds to P2Y receptors, which in turn stimulate a 
heterotrimeric G-protein to activate proteolytic cleavage 
and release of ligand(s) such as HB-EGEF. Alternatively, the 
increased Ca”* stimulated by ATP binding to P2X receptors 
could result in EGFR transactivation.” It is equally plausi- 
ble that many of the mediators previously found to stimu- 
late exocytosis, such as adenosine and agents that increase 
intracellular Ca’ and cAMP,°?**?!8 may act, in part, by 
EGFR transactivation. Thus EGF receptor transactivation 
and signaling may be a common pathway to stimulate 
exocytosis in the umbrella cell layer. 


Urothelial-neuronal signaling 
Innervation of the urothelium 


Recent studies have shown that both afferent and auto- 
nomic efferent nerves are located in close proximity to the 
urothelium (Figure 3.8). Peptidergic (substance P, calci- 
tonin-gene-related peptide, CGRP), P2X-, and TRPV1- 
immunoreactive nerve fibers presumed to arise from 
afferent neurons in the lumbosacral dorsal root ganglia are 
distributed throughout the urinary bladder musculature 
as well as in a plexus beneath and extending into the 
urothelium.”!°'° In humans with neurogenic detrusor 
overactivity intravesical administration of resiniferatoxin, 
a C-fiber afferent neurotoxin, reduces the density of 
TRPV1 and P2X; immunoreactive suburothelial nerves, 
indicating that these are sensory nerves.” 
Immunohistochemical markers for cholinergic 
(choline acetyltransferase (ChAT)) and adrenergic 
nerves (tyrosine hydroxylase) are also detected in the 
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Figure 3.8 


Hypothetical model that depicts possible interactions between bladder afferent and efferent nerves, urothelial cells, smooth muscle, 
and myofibroblasts. Stimulation of receptors and channels on urothelial cells can release mediators that target bladder nerves and other 
cell types; urothelial cells can also be targets for neurotransmitters released from nerves or other cell types. Urothelial cells can be 
activated by either autocrine (i.e. autoregulation) or paracrine (release from nearby nerves or other cells) mechanisms. Abbreviations: 
ACh, acetylcholine; AdR, adrenergic receptor; BR, bradykinin receptor; H*, proton; MR, muscarinic receptor; NE, norepinephrine; NGF, 
nerve growth factor; NR, neurokinin receptor; NicR, nicotinic receptor; NO, nitric oxide; P2R, purinergic 2 receptor unidentified subtype; 
P2X and P2Y, purinergic receptors; PG, prostaglandin; SP, substance P; Trk-A, receptor tyrosine kinase A, high affinity receptor for nerve 


growth factor; TRPs, transient receptor potential channels. 


suburothelial regions of the bladder.!°'°8 While this 
would commonly indicate the presence of efferent auto- 
nomic nerves, in the guinea pig bladder some ChAT 
immunoreactivity near the urothelium may be present in 
sensory rather than efferent nerves.'°* This conclusion is 
based on the finding that the ChAT-positive nerves do not 
exhibit neurofilament-200 staining. Because intramural 
autonomic efferent neurons in both the cat and guinea 
pig bladder express neurofilament-200 immunoreactiv- 
ity,'°%! it is proposed that the neurofilament-200 
negative/ChAT-positive staining represents cholinergic 
sensory nerves.'°% 

A network of cells with morphologic characteristics similar 
to those of myofibroblasts or interstitial cells is also detected in 
the suburothelial space of the bladder in both humans and 
animals (Figure 3.8).!!°"!? These cells, which are extensively 
linked by gap junctions and have close contact with nerves, 
can respond to neurotransmitters, such as ATP released from 
nerves or urothelial cells, suggesting that they could act as 
intermediaries in urothelial—nerve interactions.''"''? Thus the 


anatomic substrates for bidirectional urothelial—neural com- 
munication exist in the urinary bladder. 


Involvement of the 

+ + ¢ + 9 
urothelium in ‘sensing 
chemical and mechanical 
stimuli 
The urothelium is becoming increasingly appreciated as a 
responsive structure capable of detecting physiologic and 
chemical stimuli, and releasing a number of signaling mole- 
cules. Examples of neuronal ‘sensor molecules’ (i.e. recep- 
tors/ion channels) that have been identified in urothelium 
include receptors for bradykinin, neurotropins (trkA and 
p75), purines (P2X and P2Y), adenosine (Aj, A» A and 


A;), norepinephrine (œ and B), acetylcholine (nicotinic and 
muscarinic), protease-activated receptors (PARs), amiloride/ 
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Comparison of sensor properties of urinary bladder urothelial cells and primary afferent nerves 


Sensor function/Stimuli 


Urothelial sensor molecules 


Primary afferent sensor molecules 
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Nerve growth factor p75/trkA 


Mechanosensitivity 


mechanosensitive Na* channels and a number of TRP chan- 
nels (TRPV1, TRPV2, TRPV4, TRPM8) (Table 3.1).09°2 133-11 
Examples of factors released from urothelial cells following 
physical and chemical stimulation include ATP, NO, acetyl- 
choline, adenosine, APF, cytokines, prostanoids, and various 
trophic factors.*°°787113-115121-123 These and other data accu- 
mulated over the last several years indicate that urothelial 
cells display a number of properties similar to sensory neu- 
rons (nociceptors/mechanoreceptors), and that both types 
of cells use diverse signal-transduction mechanisms to 
detect physiologic stimuli. 


Urothelium-associated 
purinergic receptors: role in 
bladder pathology 


Since the first report in 1997 of distention-evoked ATP 
release from bladder urothelium,*’ and the subsequent 
demonstration that distention of the ureter evokes ATP 
release into the ureteral lumen,*° there is abundant evi- 
dence that supports a role for urothelial-derived ATP 
release in both autocrine and paracrine signaling in the 
urinary tract. The expression of P2X and P2Y purinergic 
receptor subtypes in cells (urothelium, nerves, myofibro- 
blasts) located at or near the luminal surface of the bladder 
111,112 and the sensitivity of these cells to ATP (indicated 
by an ATP-induced increase in [Ca]; ''° raises the possi- 
bility that basolateral ATP release from urothelial cells 
could influence not only adjacent urothelial cells, but also 
myofibroblasts and nerves (Figure 3.8). In addition, inter- 
cellular coupling mediated by gap junctions in myofibro- 
blasts could provide a mechanism for long-distance spread 
of signals from the urothelium to the detrusor muscle.'!” 
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A role of purinergic sensory mechanisms in normal blad- 
der function was first demonstrated in studies in anes- 
thetized P2X; null mice that exhibit abnormal reflex bladder 
activity.” In these animals ATP release from the urothe- 
lium is normal but the excitatory effect of exogenous ATP on 
bladder afferent nerves is blocked. Immunohistochemistry, 
which shows abundant P2X, immunoreactive nerves in the 
suburothelial plexus in wild type animals, reveals a com- 
plete absence of these fibers in null mice, whereas staining 
for CGRP and TRPV1 receptors is unaffected, indicating 
that the afferent innervation is still intact. Afferent nerve 
activity, which increases progressively during gradual blad- 
der distention in wild-type animals, is attenuated in the 
P2X; null mice. In addition, the bladder volume for induc- 
ing a micturition reflex was increased in the null mice. 
Subsequent studies in P2X, null and P2X,/P2X;, null mice 
(i.e., double knockouts) revealed reduced urinary bladder 
reflexes and decreased afferent nerve activity upon bladder 
distention.'** These experiments indicate an important con- 
tribution of heteromeric P2X,; receptors to mechanosen- 
sory transduction in the urinary bladder. Although it is 
likely that a major factor underlying the defect in bladder 
function in P2X,,; receptor null mice is the change in affer- 
ent excitability, it should be noted as mentioned earlier that 
stretch-evoked exocytosis in cultured urothelial cells is 
inhibited in mice lacking expression of either P2X,, P2X3, 
or both subunits,”! raising the possibility that the function 
of the urothelium as well as that of afferent nerves is abnor- 
mal in these animals. 

Immunohistochemical studies in patients exhibiting 
neurogenic detrusor overactivity reveal an increased den- 
sity of suburothelial P2X; immunoreactive nerves." In 
some patients who respond clinically to intravesical 
administration of the C-fiber neurotoxin resiniferatoxin, 
P2X; staining is reduced.'* The staining is also reduced in 
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patients responding to intravesical administration of 
botulinum toxin A.!”° These data indicate that neurogenic 
detrusor overactivity is associated with an increased 
expression of P2X; receptors in afferent nerves or increased 
density of these nerves. 

Changes in the expression of purinergic receptors in the 
urothelium and changes in the urothelial release of ATP are 
also detected in pathologic conditions. In cats with feline 
interstitial cystitis (FIC), a painful bladder disorder, P2X, 
and P2Y, immunoreactivity in the urothelium is 
decreased.® Urothelial cells isolated from FIC cats also 
exhibit greater stretch-evoked release of ATP.’ A similar 
enhancement of ATP release is detected in urothelial cells 
from patients with IC.” ATP can also act in an autocrine 
manner to enhance its own release from urothelial cells.” 
This autofeedback mechanism may be more important in 
pathologic conditions. Enhanced release of ATP into the 
bladder lumen in response to bladder distention is also 
observed in chronic spinal cord injured rats and in rats 
with chemically irritated bladders.'*”!"8 ATP released from 
the urothelium can directly depolarize and initiate firing in 
sensory nerves by activating P2X channels! or by activat- 
ing P2Y receptors on afferent nerves to stimulate intracel- 
lular second messenger pathways that, in turn, modulate 
other ion channels. For example, it has been shown 
recently in sensory neurons that ATP enhances TRPV1 cur- 
rents by lowering the threshold for protons, capsaicin, and 
heat.!”? This response, which is presumably mediated by 
activation of intracellular protein kinases and phosphory- 
lation of the TRPV1 channel,'*° represents a novel mecha- 
nism by which large amounts of ATP released from 
damaged or sensitized cells in response to injury or inflam- 
mation may trigger the sensation of pain. 


TRPV1 and involvement in 
hypersensitivity disorders 


The ability of capsaicin to evoke NO release from rat 
urothelium, reported in 1998, provided the first, albeit 
indirect, demonstration that TRPV channels are expressed 
in urothelial cells and that urothelial cells and afferent neu- 
rons may share some common properties.''* TRPV1 is a 
member of a TRPV subfamily, consisting of six mam- 
malian members (TRPV1—TRPV6), which are in turn part 
of a TRP superfamily that consists of several subfamilies 
(TRPC, TRPM, TRPA, TRPML, TRPP) that can regulate 
intracellular Ca** concentrations, either by modulating or 
acting as Ca”* entry pathways in the plasma membrane or 
by activating intracellular signaling pathways 
for intracellular Ca?’ release from several types of 
organelles.!?»!"1132 Many members of the TRPV subfamily 
(TRPV1—TRPV4) are heat-activated channels that are non- 
selectively permeable for cations and modestly permeable 


to Ca**.!*! In addition, TRPV1-TRPV4 also function 
as chemosensors for a broad array of endogenous and 
synthetic ligands. 

TRPVI1, previously known as the capsaicin receptor or 
the vanilloid receptor type 1, is a ligand-gated ion channel 
activated by capsaicin, heat, acidosis, and endogenous 
agonists (such as anandamide, 12-hydroxyeicosatetranoic 
acid).1?1133134 Interest in this channel was stimulated by 
early studies of the pungent actions of agents such as cap- 
saicin and resiniferatoxin (RTX).!9!!°° Capsaicin (first iso- 
lated from chili peppers in 1919) became a ‘hot’ topic when 
it was found to have specific binding sites in a number of 
tissues including sensory nerves.!3~'*8 This culminated in 
the cloning of TRPV1, using capsaicin as a ligand." 

Both the upper and lower urinary tract are densely inner- 
vated by capsaicin-sensitive primary afferent neurons in a 
number of species including man. Early functional studies 
revealed that capsaicin-sensitive C-type bladder afferent 
nerves play a role in micturition. ®®!° The capsaicin-sensitive 
nerves exhibit both a sensory and also an ‘efferent’ function 
that is mediated by release of peptides such as substance P 
and CGRP that can affect bladder smooth muscle and par- 
ticipate in sensory transmission in the spinal cord.!?5140 
Capsaicin selectively activates unmyelinated (C-fiber type) 
bladder afferent nerves but does not affect myelinated 
(A-6) afferent nerves. Stimulation of C-fiber bladder affer- 
ents with capsaicin or resiniferatoxin reduces the volume 
threshold for inducing micturition, increases voiding 
frequency, induces bladder hyperactivity, produces a burn- 
ing sensation in the bladder or pain behavior in animals, 
and elicits bladder contractions and plasma protein 
extravasation. %10 

The expression of capsaicin-sensitive nerve fibers in the 
lower urinary tract was first demonstrated following bind- 
ing of radiolabeled resiniferatoxin in the bladder and ure- 
thra of the rat.'** Subsequently the use of antibodies to 
TRPVI1 revealed TRPV1 immunoreactivity in a subpopula- 
tion of bladder afferent (C-fiber) nerves.!0*14 These fibers 
are localized near and within the bladder mucosa, as well as 
in close proximity to blood vessels and smooth muscle cells. 

TRPV1 is expressed not only by afferent nerves that 
form a close contact with the bladder epithelium but also 
by non-neuronal cells such as urothelial cells and myofi- 
broblasts.'!!!° The first indication of this broader distrib- 
ution of TRPV1 in the bladder was the demonstration that 
capsaicin could evoke the release of NO in the bladder and 
that this effect persisted after complete denervation.'!? 
Subsequently it was shown that TRPV1 is expressed in 
urothelial cells (Figure 3.9) and that capsaicin evokes the 
release of NO from cultured urothelial cells as well as from 
sensory neurons.'“ In addition, activation of urothelial 
TRPV1 receptors with capsaicin or resiniferatoxin 
increases intracellular calcium and can evoke the release of 
other transmitters such as ATP.*”'™ As noted in sensory 
neurons, these responses are enhanced by low pH, blocked 
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Figure 3.9 

TRPV1 and TRPV2 expression was detected in urothelial and 
smooth muscle cells of the urinary bladder from the rat. 

(a) Reverse transcription-PCR analysis of TRPV1 and TRPV2 mRNA 
expression in dissociated bladder urothelial cells (UC), bladder 
urothelium (UT), dissociated bladder smooth muscle cells (SMC), 
and de-epithelialized bladder tissue (DT, smooth muscle 
following removal of the urothelium). Control lanes indicate 
input of no template (—), dorsal root ganglion cDNA (+ for 
TRPV1), or brain cDNA (+ for TRPV2). Arrows indicate predicted 
product sizes (TRPV1, 704 bp; TRPV2, 1436 bp). (b) Confocal 
image of bladder urothelium in bladder whole mounts stained 
for TRPV1 (cy3, red) and cytokeratin 17 (FITC, green), a marker 
for basal urothelial cells. A diffuse cytoplasmic pattern of TRPV1 
staining can be seen in the apical and underlying urothelial 
layers (nuclei are unstained). Arrows indicate apical cells within 
the field from a single plane of focus. (c) Enlarged image of basal 
cells depicting TRPV1 (cy3, red) and cytokeratin (FITC, green) 
immunoreactivity. (d) Elimination of TRPV1 staining with the 
antibody preabsorbed with antigenic peptide. (Scale bars: b, 15 
um; c, 5 um; d, 4 um). 


by TRPV1 antagonists, and eliminated in TRPV1 null 
mice.!”* In afferent neurons, TRPV1 is thought to inte- 
grate/amplify the response to various stimuli and to play 
an essential role in the development of inflammation- 
induced hyperalgesia. Thus, it seems likely that urothelial 
TRPV1 might participate in a similar manner, in the detec- 
tion of irritant stimuli following bladder inflammation or 
infection. 

Cultured urothelial cells from TRPV1 null mice also 
exhibit a reduction in stretch-evoked and hypotonic- 
evoked ATP release and a stretch-evoked increase in mem- 
brane capacitance.” In addition, TRPV1 knockout mice 
have a higher frequency of low-amplitude, nonvoiding 
bladder contractions, suggesting the possibility of a small 
but ongoing role for TRPV1 in normal micturition or 
urine storage. TRPV1 null mice also exhibit a reduction in 


bladder distention-evoked c-fos expression in the spinal 
cord and reflex voiding.” These changes may result from 
loss of TRPV1 expression not only in afferent nerves that 
form close contacts with bladder urothelial cells but also in 
urothelial cells themselves. Thus the function of TRPV1 in 
the bladder extends beyond pain sensation to include 
participation in normal voiding function, and is essential 
for mechanically-evoked purinergic signaling by the 
urothelium. 

TRPV1 immunoreactivity is also present in a population 
of cells located in the suburothelial space.!'° These cells 
have morphologic characteristics of myofibroblasts and 
stain intensively for vimentin and the gap junction protein 
connexin 43. It is proposed that these ‘myofibroblast’ or 
‘interstitial’ type cells function as ‘pacemaker’ cells in the 
bladder and have the capacity to modulate bladder sensa- 
tions.'!°'!? This hypothesis is given added support by the 
fact that many nerve fibers terminate on these cells, thus 
providing a means to modulate the sensitivity of bladder 
filling sensations. An understanding of the mechanisms 
underlying these cell-cell interactions may lead to the 
identification of novel targets for pharmacologic manage- 
ment of various bladder disorders. 

TRPV1 has attracted considerable attention as a potential 
contributor to bladder diseases. TRPV1 knockout mice dis- 
play differences in the response to chemically-induced irri- 
tation or inflammation of the bladder as compared to their 
wild-type counterparts.'**'* Furthermore, patients suffer- 
ing from neurogenic detrusor overactivity exhibit signifi- 
cant increases in the number of TRPV1-expressing nerves 
as well as increased TRPV1 expression within the uro- 
thelium.'°”'“ Intravesical administration of vanilloid com- 
pounds produces beneficial effects in patients with bladder 
disorders such as neurogenic detrusor overactivity or 
hypersensitivity disorders such as IC.'*>-'> However, intra- 
vesical vanilloids also reduce the number of bladder sensory 
fibers immunoreactive for TRPV1 or P2X; and therefore 
the clinical efficacy of these agents may be due largely to 
depletion of afferent transmitters or degeneration of the 
peripheral afferent nerves in the wall of the urinary bladder 
rather than desensitization of TRPV1 receptors in nerves or 
urothelium.'°”'* Thus it will not be possible to determine 
the contribution of TRPV1 receptors to lower urinary tract 
dysfunction in patients until the development and clinical 
testing of selective TRPV1 antagonists. 


Additional TRP channels 


Much less is known about the involvement of other TRPs 
in bladder function or disease. TRPV4, which is a non- 
selective cation channel activated by heat, shear stress, 
changes in osmolarity, and lipid ligands, is expressed 
within the epithelium of the lower urinary tract (see Table 
3.1).156-158 A definitive role for TRPV4 in bladder function 
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has not been established. However, at other sites in the 
body, TRPV4 seems to play a role in bronchial hyper- 
responsiveness, hypo-osmotic induced hyperalgesia, and in 
the development of neuropathic pain.'2"! 

While little is known about the involvement of the cold- 
sensing TRP channels (TRPM8 and TRPA1) in bladder 
function, the effect of cold temperature on lower urinary 
tract function has long been of interest.'®*!°! The instilla- 
tion of cold solutions (known as the ice water test) elicits 
involuntary detrusor contractions in patients with either 
chronic spinal cord lesions or following bladder outlet 
obstruction.'*'"'™ This reflex is believed to be mediated by 
activation of C-type bladder afferent nerves sensitive to 
cold temperatures. The finding that intravesical instillation 
of menthol facilitates the bladder cooling reflex in both the 
cat and human suggests that TRPM8, a cold- and menthol- 
sensing channel, may be involved in triggering the 
reflex.'-'°” In the urinary bladder, TRPM8-positive 
immunoreactivity is found in nerves as well as in the 
urothelium.!*! 

TRPA1 (formerly named ANKTM1) has been character- 
ized as a thermoreceptor activated by noxious cold. Recent 
studies have shown that this channel is localized within the 
bladder urothelium and in sensory nerves that innervate 
the urinary bladder.'°*'”° TRPA1 channels are activated by 
isothiocyanates or thiosulfinite compounds, which are the 
pungent ingredients in mustard oil and garlic, respectively, 
and by cinnamaldehyde and acrolein, the latter compound 
being the active metabolite of cyclophosphamide, an anti- 
cancer drug that produces hemorrhagic cystitis. Both mus- 
tard oil and cyclophosphamide have been used extensively 
to produce animal models of bladder irritation. Activation 
of TRPA1 channels with various agonists elicits contrac- 
tions of bladder smooth muscle, which are due to release of 
tachykinins and cyclooxygenase metabolites.'”° The effect 
on smooth muscle contractility of agents capable of stim- 
ulating TRPA1 is comparable in potency to capsaicin, sup- 
porting the speculation that this channel may play a role in 
bladder function. 


Cholinergic receptors: role in 
overactive bladder 


The presence of muscarinic and nicotinic receptors in the 
urothelium is attracting interest in the role of acetylcholine 
as a chemical mediator of neural—urothelial interac- 
tions. !!®!23171-173 These receptors could be stimulated by 
acetylcholine released from urothelial cells as well as by 
cholinergic nerves that are detected in close proximity to 
the urothelial cells in the rat bladder (Figure 3.8).!?9!”4 
Exogenous muscarinic and nicotinic cholinergic agonists 
applied to cultured urothelial cells elicit an increase in 
intracellular Ca** concentration and evoke the release of 


NO and ATP.§”!!8 In bladder strips or whole bladder 
preparations muscarinic agonists also stimulate the release 
of a smooth muscle inhibitory factor from the urothe- 
lium.'7!'”? Electrical stimulation of the pelvic nerve or 
reflex activation of the autonomic nervous system by 
spinal cord injury*!!”° can elicit changes in urothelial per- 
meability as well as changes in the morphology of the 
urothelium in the rat, raising the possibility that auto- 
nomic or sensory nerves make ‘synaptic connections’ with 
the urothelial cells. Further studies are needed to deter- 
mine if acetylcholine is involved in these connections. 

The clinical effect of antimuscarinic agents in decreasing 
sensory symptoms in the overactive bladder may be related 
in part to blocking of muscarinic receptors in the urothe- 
lium or afferent nerves. These agents prevent stimulation 
of postjunctional muscarinic receptors by acetylcholine 
released from bladder efferent nerves and result in 
increased bladder capacity. Evidence that the urothelium 
expresses a complement of muscarinic receptors (M1—M5) 
along with recent studies that reveal a difference in mus- 
carinic receptor density between normal, aging, and patho- 
logic bladder urothelium has sparked an interest in the role 
of the urothelium in these disorders, 116-176-178 

Since antimuscarinic agents effectively enhance the 
storage phase of micturition, when parasympathetic 
nerves are silent, it has been postulated that the release of 
acetylcholine from the urothelium may contribute to 
detrusor overactivity.” Recent studies show that urothe- 
lial cells express the acetylcholine-synthesizing enzymes 
ChAT and carnitine acetyltransferase and can release 
acetylcholine following both mechanical and chemical 
stimulation.'**'®° Once released, there are a number of 
sites where urothelial-derived acetylcholine could exert an 
effect, including smooth muscle, nerves, and urothelial- 
muscarinic and/or nicotinic receptors, thereby participat- 
ing in feedback mechanisms to modify urothelial 
function. Because stimulation of cholinergic receptors in 
urothelial cells elicits the release of ATP, cholinergic mech- 
anisms in the urothelium could alter bladder sensation 
indirectly by triggering purinergic stimulation of nearby 
afferent nerves. 

The functions of cholinoceptors in the urothelium have 
been evaluated by testing the effects of intravesically 
administered cholinergic agonists and antagonists on urine 
storage and voiding in cats and rats. !!%173181:182 Tn chronic 
spinal cord injured cats intravesical infusion of carbachol, 
a muscarinic-nicotinic agonist, as well as oxotremorine 
methiodide, a quaternary muscarinic agonist that should 
have a relatively low ability to penetrate the urothelial bar- 
rier, decreases bladder capacity and enhances the number 
of premicturition contractions'® during cystometrograms, 
but does not alter the amplitude of micturition contrac- 
tions. These effects are blocked by intravesical administra- 
tion of atropine sulfate or the quaternary analog, atropine 
methylnitrate. Intravesical administration of neostigmine 
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methylsulfate, a quaternary anticholinesterase agent, 
mimicks the facilitatory effects of muscarinic agonists. The 
effects of neostigmine are blocked by atropine. These 
results indicate that activation of muscarinic receptors in 
the urothelium or in suburothelial afferent nerves facili- 
tates the spinal micturition reflex mediated by C-fiber 
afferent nerves.'* In the rat a similar facilitation of bladder 
activity induced by intravesically-administered muscarinic 
agonists is reported. !7*!°? 

Intravesical application of nicotine in the rat elicits two 
effects: a decrease in the frequency of reflex micturition in 
low concentrations and an increase in frequency in high 
concentrations.''® The inhibitory effect is blocked by 
methyllycaconitine, an antagonist of 0&7 nicotinic recep- 
tors, whereas the facilitatory effect is blocked by hexa- 
methonium, an antagonist of &3 type nicotinic receptors. 
Methyllyaconitine alone does not alter reflex bladder activ- 
ity, whereas hexamethonium alone decreases reflex bladder 
activity, suggesting the existence of a tonically active nico- 
tinic facilitatory mechanism. Nicotine also increases intra- 
cellular Ca”* in cultured urothelial cells by activating 
hexamethonium-sensitive receptors." These data coupled 
with the results of RT-PCR experiments that revealed the 
expression of multiple subtypes of nicotinic receptors in 
rat urothelial cells (3, 05, 07, B3, and B4) raise the possi- 
bility that sensory mechanisms in the urothelium are 
modulated by complex nicotinic mechanisms.’ 

Urothelial cells express the various proteins necessary for 
the synthesis and storage of acetylcholine including the 
plasma membrane choline transporter ChAT, as well as the 
enzyme responsible for the metabolism of acetylcholine 
(acetylcholinesterase).!*?!8° Acetylcholine is released from 
the bladder urothelium in rats!?*!8° and humans.!7*!*4 
Synthesis and release of acetylcholine has also been 
reported in epithelial cells in the lung.'*° However, the 
mechanism of release is uncertain. Recently botulinum 
toxin has been used to evaluate the release mechanism. 
Botulinum toxin, which is used clinically to treat a number 
of bladder disorders including neurogenic detrusor overac- 
tivity, detrusor—sphincter dyssynergia, as well as IC, 
inhibits detrusor muscle contractions by suppressing the 
release of transmitters such as ATP and Ach from bladder 
nerves by blocking exocytosis.'*°'8* However, besides tar- 
geting bladder nerves, botulinum toxins also target the 
urothelium. Botulinum toxin type A significantly reduces 
stretch-evoked ATP release from bladder mucosa and also 
blocks intravesical ATP-induced bladder overactivity.'?717%'® 
On the other hand, acetylcholine release from urothelial 
cells seems to be mediated by different mechanisms than 
those such as vesicular storage and exocytosis that under- 
lie the release of ATP and ACh from nerves and the release 
of ATP from the urothelium.!” These results suggest that 
it is unlikely that botulinum toxin therapy is targeting 
urothelial-derived Ach release to produce symptomatic 
relief of bladder overactivity. 


Adrenergic receptors: role in 
bladder outlet obstruction 


The urothelium expresses both alpha and beta subtypes of 
adrenergic receptors (see Table 3.1) which, when stimu- 
lated, trigger an increase in intracellular Ca’* leading to the 
release of a number of mediators including ATP and 
NO.!!>114 Because of the close proximity of adrenergic 
nerves to the urothelium, it is possible that neurally- 
released norepinephrine may have an effect on the urothe- 
lial cells and thereby influence bladder function. Patients 
with a variety of lower urinary tract symptoms due to 
benign prostatic hyperplasia and even IC are often treated 
with selective o,-adrenergic receptor antagonists. !?®!°! 
Studies utilizing adrenergic receptor subtype null mice 
suggest an important role for adrenergic receptors, in par- 
ticular 01;p, in regulation of bladder function.'” The Op 
receptor is expressed within the bladder urothelium and 
tonic activation of these receptors by catecholamines may 
modulate bladder sensory mechanisms. 


Nitric oxide 


NO is involved in many functions of the lower urinary tract, 
ranging from inhibitory transmission in the urethra to mod- 
ulation of bladder afferent nerves and bladder reflex path- 
ways in the spinal cord.” The localization of neuronal nitric 
oxide synthase (nNOS) and/or NADPH-diaphorase (a 
marker for NOS) in efferent and afferent nerve fibers in 
addition to NOS isoforms (n, e, and i) in the urothelium 
suggest a role for NO in the micturition reflex pathway. "19 
The release of NO from urothelium or other cells is thought 
to either facilitate or inhibit activity of bladder afferent 
nerves. For example, intravesical administration of oxy- 
hemoglobin results in a bladder hyperactivity, demonstrat- 
ing an inhibitory role for NO in the control of bladder 
reflexes.'** Spinal cord injury or chronic bladder inflamma- 
tion alters the expression of NOS, which raises the possibil- 
ity that the neurotransmitter function of NO is plastic and 
can be altered by chronic pathologic conditions.!9>!°° For 
example, it is reported that in cats with FIC, baseline levels 
of NO released from mucosal or bladder smooth muscle 
strips are increased.'*” Pharmacologic experiments revealed 
that the NO is produced by an iNOS-mediated Ca- 
independent mechanism. High levels of NO in bladder or 
intestinal epithelia increase permeability to hydrophilic 
macromolecules." This action might contribute to the loss 
of urothelial barrier function occurring in many disease 
states. High levels of NO also suppress the activity of ion 
channels in bladder afferent neurons, consistent with the 
inhibitory effect of intravesical administration of NO 
donors on the urinary bladder hyperactivity occurring in 
animals treated with cyclophosphamide.'”*"' It is reported 
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that NO levels in the urine are decreased in some patients 
with interstitial cystitis.” This decrease could be linked with 
increased pain responses due to reduced NO inhibitory 
modulation of sensory nerves in the urinary bladder. 


Future directions/clinical 
significance 


Research during the last several years has markedly 
changed how we view the function of the urothelium. This 
tissue not only acts as a highly efficient barrier, but also 
exhibits properties similar to those of nociceptive and 
mechanoceptive afferent neurons. Activation of urothelial 
cells by chemical, thermal, or mechanical stimuli can evoke 
the release of various mediators or neurotransmitters that 
impact neural activity and ultimately bladder function. 
Thus urothelial cells exhibit specialized sensory and signal- 
ing properties that allow them to respond to their chemical 
and physical environment and to engage in reciprocal 
communication with neighboring cells in the bladder wall. 
It is conceivable that the effectiveness of some agents 
currently used in the treatment of bladder disorders 
may involve an action on urothelial receptors and/or 
release mechanisms. For example, botulinum neurotoxin 
type A (BoNT/A), which has been used to treat lower uri- 
nary tract symptoms such as frequency and urgency incon- 
tinence due to neurogenic or idiopathic detrusor 
overactivity, may act in part by suppressing the release of 
mediators (ATP and neuropeptides) from both neural and 
urothelial cells. Suppression of neurotransmitter release 
from urothelium could blunt afferent activity driven by 
urothelial-derived mediators. Thus pharmacologic inter- 
ventions aimed at targeting urothelial receptor/ion channel 
expression or release mechanisms may provide a new strat- 
egy for the clinical management of bladder disorders. 
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Physiology of the smooth muscles of the bladder 


and urethra 


Marcus J Drake and William H Turner 


Introduction 


The lower urinary tract is a complex entity, whose function 
remains incompletely understood. The muscles of the 
bladder and urethra are crucial in normal urinary func- 
tion, and smooth muscle dysfunction is important in the 
pathophysiology of storage and voiding disorders.' In 
recent decades there has been a substantial increase in the 
knowledge base of LUT function, from the whole organ to 
the molecular level, acquired through the application of 
increasingly sophisticated experimental tools (reviewed in 
reference 1). This chapter outlines salient points in current 
understanding of detrusor and urethral smooth muscle 


physiology. 


Molecular cell biology of the 
detrusor 


The biologic behavior of a cell is determined by the pro- 
teins present in the cellular membrane, particularly the 
receptors and the ion channels, along with the components 
of the intracellular second messenger systems. 


Receptors 


Cellular response to hormones and neurotransmitters is 
determined by binding of ligands to specific membrane- 
bound receptors. This can result in either direct modifica- 
tion of ionic permeability of cell membranes (ionotropic 
action), or synthesis of intermediary substances known as 
second messengers (metabotropic action). Many different 
receptor types have been identified, reflecting the diverse 
array of endogenous ligands. 


Adrenergic receptors 


Adrenergic receptors mediate responses to the circulating 
hormone epinephrine and the neurotransmitter norepi- 
nephrine. They are classified as a-adrenoceptors or B- 
adrenoceptors, with further subclassification on the basis 
of structure and response to pharmacologic agonists and 
antagonists into Œ; (a-p and Qi), O2 (O24-c), and Bis 
Beta-adrenoceptors are distributed throughout the ure- 
thra and bladder,’ and induce relaxation in precon- 
tracted detrusor muscle by complex mechanisms.° 
Subtype-selective ligand studies show the presence of B, 
and B; receptors.° The latter elicit relaxation of human 
detrusor strips and reduce spontaneous activity,’ and have 
been proposed as a possible therapeutic target in detrusor 
overactivity. 


Cholinergic receptors 


Tissue response to the neurotransmitter acetylcholine is 
mediated by muscarinic and nicotinic receptors. Nicotinic 
receptors are predominantly in the central nervous system, 
peripheral ganglia of the autonomic nervous system, and 
on skeletal muscle, but functional non-neuronal nicotinic 
receptors are present in the lower urinary tract. 
Muscarinic receptors are classified on the basis of specific 
response to pharmacologic agents (M,_;) and molecular 
structure (m,_;).? M; receptors predominate on receptor- 
binding studies, although a 3:1 predominance of m, over 
m; has been reported using subtype-specific immunopre- 
cipitation.” Functionally, the M; is the predominant medi- 
ator of acetylcholine response in the bladder, as indicated 
by observations in numerous situations including specific 
antagonists and receptor knockout mouse models.'"!* The 
role of the M, receptor is unclear. In pathologic circum- 
stances, a change in the receptor subtype mediating 
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contraction more towards the M, receptor is apparent, 
which appears to be due to detrusor hypertrophy.'? With 
aging, fewer muscarinic receptors may be expressed, but 
the relative preponderance of M, and M, receptors is 
largely unaltered.'4 

The response to cholinergic stimulation in the isolated 
whole organ is more complex than might be anticipated 
from observations made on isolated strips of muscle. Several 
components of the intravesical pressure change in response 
to cholinergic stimulation have been described." An ini- 
tial tonic peak response increases with bladder distention 
and is inhibited by M, and M; muscarinic receptor antago- 
nists; this settles to a steady-state response which is not 
affected by bladder volume. In addition, phasic contractions 
are superimposed on the steady-state activity. The phasic 
contractions are not an obvious feature at low bladder vol- 
ume, but become disproportionately apparent at high vol- 
umes. Indeed the fluid volume which elicits a prominent 
phasic component of the cholinergic response can be used to 
define bladder capacity, a concept which is otherwise diffi- 
cult to standardize in the isolated organ.'* 


Purinergic receptors 


Purinoceptors are present in the lower urinary tract, the 
agonists for which are extracellular adenosine, adenosine 
diphosphate (ADP), and adenosine triphosphate (ATP). 
The purinoceptors are classified as P, or P,; they show dif- 
fering affinity for the endogenous agonists. P, is further 
subclassified into A, and A,_5,, and P, into Pa, Pau and Paez- 
Several subtypes of the P2x receptor are present in rat and 
human bladder.” The contractile response of the rat blad- 
der to ATP is mediated mainly through P,,-purinoceptors 
and A,-purinergic receptors.”! The Pyy, receptor appears to 
predominate on smooth muscle cells,” but there is consid- 
erable plasticity in P), receptors according to physiologic 
circumstances. 


Other receptors 


Histamine H, receptors are present on smooth muscle 
cells.” Detrusor cells also express the vanilloid receptor 
VR. 


lon channels 


The lipid bilayer of the cell membrane is relatively imper- 
meable to the passage of charged ions. The presence of 
transmembrane protein channels allows ionic transfer into 
and out of the cytoplasm, the properties of the channels 


enabling tight control of the intracellular composition and 
membrane potentials. 


Potassium channels 


Several types of potassium (K*) channels are recognized, 
falling into two main groups: voltage-sensitive channels, 
and inward rectifying channels, which conduct inward K* 
current much more readily than outward. There is sub- 
stantial functional overlap between the two groups. 
Calcium-activated K* channels include the SK, BK, and 
maxi-K* channels. K,_, channels are inward rectifying 
channels whose configuration is determined by the meta- 
bolic state of the cell. They are linked to sulfonylurea recep- 
tors and are sensitive to the action of glibenclamide. 
K* channel opening drugs, such as cromakalim, probably 
act by reducing the sensitivity of K* channels to inhibition 
by ATP. 

The ion channels present in the bladder are complex 
(reviewed in reference 26). Currents characteristic of several 
types of K* channel have been identified in detrusor 
myocytes, including voltage-sensitive delayed rectifier cur- 
rent, Ca2+-activated maxi-K*+ channels, SK and BK chan- 
nels, and glibenclamide-sensitive K* channels. K* channels 
appear to be fundamental both in determining the 
membrane potential and in repolarization following the 
action potential. K „„„ channels strongly influence the mem- 
brane potential in the bladder, since activation of only a 
small proportion of the channels present significantly 
inhibits action potentials.” Potassium channel blocking 
drugs have varying effects on the membrane potential and 
they tend to increase spontaneous mechanical activity in 
isolated detrusor strips. Different K* channel blocking 
drugs affect the action potential in various ways, some 
blocking after-hyperpolarization, some slowing depolariza- 
tion. Activation of K* channels, in particular the large- 
conductance calcium-activated K* (BK) channels, reduces 
excitability and contractility of detrusor muscle.” BK chan- 
nels are involved in the B-adrenoceptor agonist-induced 
relaxation in precontracted detrusor muscle.° 

Overall, the high sensitivity of BK channels to both 
intracellular calcium and voltage may make them negative 
feedback regulators,” modulating human detrusor smooth 
muscle phasic contractility.” 


Calcium channels 


Several types of membrane channels allow the influx of 
Ca**, both specific and nonselective, but voltage-operated 
Ca** channels appear to predominate in smooth muscle.*! 
Voltage-operated Ca** channels are classified according to 
the properties of the currents passing through them, 
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comprising L-type (long lasting), T-type (transient), or 
N-type (neither L nor T). 

L-type Ca? channels are numerous in detrusor muscle, 
permitting high ion flux rates, which can result in a rapid 
rise in cytoplasmic Ca”* levels. They only allow current 
flow in one of three possible channel states (open state), 
which is strongly regulated by the membrane potential. In 
guinea pig bladder they are inactivated by a rise in intra- 
cellular free Ca?" ions, but also show the unusual property 
of being switched into a long open state by depolarization, 
and having two open states, features that may have impor- 
tant implications for contractile function. In detrusor 
strips from most animals studied, L-type Ca** channel 
blockers, such as nifedipine, reduce spontaneous contrac- 
tile activity. Furthermore, the upstroke of the action poten- 
tial is produced by current flowing through these channels. 

T-type channels are also present in the bladder, which 
possibly have a role in replenishment of intracellular cal- 
cium stores. Activity of these channels may underlie depo- 
larizations that lead to action potentials. They may also 
couple functionally to SK channels, contributing to the 
stability of the resting membrane potential in detrusor 
smooth muscle.” Detrusor myocytes from overactive 
human bladders have a higher T-type current density.” 
T-type Ca** channel activity increases in partial bladder 
outlet obstruction.** Antibodies affecting the function of 
this channel have been suggested to underlie alterations in 
bladder behavior in diabetics.” 


Nonspecific cation channels 


Exogenously-applied ATP elicits large inward currents in dis- 
persed bladder smooth muscle cells from human and pig.” 
P„„ channels are ionotropic and, following binding of ATP, 
they permit Ca’* flux, although Ca** may only carry 10% of 
the nonselective cation current.*! In many smooth muscles, 
activation of M, receptors results in G-protein-mediated, 
nonselective, depolarizing cation current, facilitated by M 
receptor-mediated release of Ca” from intracellular stores.’ 
This acetylcholine response is biphasic in some smooth mus- 
cles, with a Ca**-activated inward chloride current preceding 
a sustained nonselective cation current. Oscillation of inward 
currents has been observed as a result of exposure to 
endothelin-1, probably as a consequence of periodic activa- 
tion of Ca’*-activated chloride channels.*” 

Detrusor cells possess stretch-activated nonselective 
cation channels, which cause cell membrane depolarization. 
The degree of depolarization is modulated by secondary 
activation of Ca*t-activated K* channels, which allow potas- 
sium to leave the cell.’ As a result, the cellular response to 
stretch depends on the rate at which it is applied. Strips of 
detrusor muscle respond to rapid stretch with a rapid depo- 
larization and increase in action potential frequency, leading 
to a nonsustained contraction. Slowly-applied stretch does 
not activate this contractile response, presumably because 


K* channel activation keeps up with opening of the stretch- 
activated channels, preventing depolarization. 

A further conductance mediated by the influx of 
sodium, with a smaller inward calcium current, has been 
identified in mouse detrusor cells,” while the presence of a 
sodium-calcium exchanger has also been surmised.”° 


Sodium channels 


A family of sodium (Na*) channels has been cloned and 
characterized pharmacologically, using Na* channel antag- 
onists such as tetrodotoxin (TTX). Although many smooth 
muscles express Na” channels, their physiologic role is 
uncertain.*! 


Chloride channels 


Chloride channels permit passive transfer of Cl” across the 
cell membrane and may regulate cell volume and mem- 
brane excitability in smooth muscles. The calculated Cl 
equilibrium potential is —35 to —20 mV, while the measured 
intracellular Cl” concentration is typically 40-50 mM, indi- 
cating that an active transport system contributes to the 
accumulation of Cl’.*! Patch clamp studies have also 
revealed Ca**-dependent CI currents in smooth muscle. 


Second messenger systems 


G-proteins form a vast family of related proteins, each com- 
prising several subunits. The binding of ligands to some cell 
surface receptors alters the subunit interactions within spe- 
cific G-protein complexes, the precise nature of the response 
being determined by the type of G-proteins related to the 
receptor. The G-proteins in turn activate or inhibit enzymes 
such as phospholipase C (PLC), adenylate cyclase, or guany- 
late cyclase, changing the levels of soluble second messengers. 
Adenylate and guanylate cyclase synthesize cyclic adenosine 
monophosphate (cAMP) and cyclic guanine monophos- 
phate (cGMP), respectively. PLC cleaves a membrane-bound 
phospholipid, phosphatidyl inositol diphosphate (PIP,) into 
diacylglycerol (DAG) and inositol triphosphate (IP,). As a 
consequence, the phosphorylation state of diverse proteins 
throughout the cell is altered, affecting multiple aspects of 
cellular function. The effects of the cyclic nucleotides are 
altered by phosphodiesterases (PDEs). A selective PDE4 
inhibitor reduces overactive bladder contractions in rats with 
bladder outlet obstruction, at doses that have no effect on 
voiding bladder contractions. Similar effects on phasic 
activity in human detrusor strips have been described.“ 

The subtypes of muscarinic receptors have differing sec- 
ond messenger effects. M,, M,, and M, receptors link to the 
G, nı family of G-proteins, which activate PLC. M, and M, 
receptors couple with the G, family and influence cAMP 
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levels, along with K* and Ca? channel activity. M, receptors 
mediate contraction by activation of PLC and protein kinase 
A, whereas the M, signal transduction cascade may include 
activation of rho kinase, protein kinase C (PKC), and possi- 
bly further mechanisms yet to be identified.* “© The rho 
kinase pathways make a greater contribution in the dener- 
vated bladder** and in spontaneously hypertensive rats.“ 

Second messenger effects of &,-adrenoceptors are medi- 
ated by Gyı whereas B-adrenoceptors are linked to a G, 
which activates adenylate cyclase.*! The Ca”* ion can be 
considered a second messenger, as it forms a complex with 
the cytoplasmic protein calmodulin, resulting in acceler- 
ated breakdown of cAMP and activation of the contractile 
apparatus. Muscarinic receptor activation induces calcium 
sensitization in detrusor smooth muscles.’ 


Cellular physiology of the 
detrusor 


Functionally, muscle cells alternate between states of active 
shortening and quiescence, determined by various stimuli, 
which serve to impose control over shortening and to 
maintain cell functionality. 


Passive membrane properties 
and cell coupling 


The degree to which the smooth muscle membrane will 
allow ions to pass between the intracellular and extracellu- 
lar compartments varies, as the channels through which 
the ions pass change permeability according to various fac- 
tors. At rest, the tendency of the ion to move down its con- 
centration gradient is balanced by an electrical membrane 
potential (equilibrium potential). The overall membrane 
potential approximates to the membrane potential of the 
most permeant ion; at rest this is K*, due to BK channels. 
Resting membrane potential in detrusor is —40 to -45 mV 
in the guinea pig and —60 mV in the human.*?*! 

Electrical activity spreads between cells through special- 
ized intercellular connections, characterized by the presence 
of proteins of the connexin family. Only a very small num- 
ber of gap junctions is required to achieve effective coupling 
and a small increase in gap junction density could signifi- 
cantly influence tissue properties. The passive electrical 
behavior of nerve and smooth muscle cell membranes is 
quantified using two constants, derived from analysis of the 
spread of injections of subexcitation threshold current 
through microelectrodes. The space constant (A) is an index 
of the decay of the injected current with distance, whilst the 
time constant (T) describes the decay of current spread with 
time. Large values of À indicate good intercellular coupling, 


exemplified by pregnant myometrium or cardiac muscle, 
while large values of t indicate resistance to membrane 
charging. Measurement of current spread in guinea pig 
detrusor suggests that cells are coupled to their close neigh- 
bors, but that the tissue as a whole is poorly coupled,*”* 
and electrical coupling between cells more than 40 um 
apart axially only occurs rarely. The detrusor also shows 
higher tissue impedance than other smooth muscles.°»°? 
Furthermore, although double sucrose-gap recordings can 
be made in some small mammal detrusor strips, the electri- 
cal activity is not often resolved into clear spikes, and in the 
normal pig detrusor the technique does not work, probably 
because of insufficient electrical coupling. This may explain 
the technical difficulties encountered during attempts to 
record electromyogram activity in the bladder. 

Poor coupling is consistent with the observation that 
gap junctions are infrequent in detrusor smooth muscle,” 
though recent evidence has emerged to indicate some com- 
munication across gap junctions between detrusor muscle 
cells in the guinea pig.” From a functional point of view, 
these features match well with the requirements that 
adjustments in the length of the smooth muscles can take 
place without the activity spreading to produce synchro- 
nous activation of the whole bladder wall. Thus both con- 
nexin 43 and connexin 45 are expressed at low levels in 
normal human detrusor, but the former can be upregu- 
lated in patients with urge incontinence.” 


Active membrane properties 


Some smooth muscles show the facility to develop ‘action 
potentials, which are a transient change in the membrane 
potential as a result of temporary alterations in ionic fluxes 
across the cell membrane (Figure 4.1).°* Action potentials 
in detrusor muscle can be precipitated by various neuro- 
muscular transmitters and by stretch. The phases of the 
action potential are the result of coordinated action of dis- 
tinct membrane conductances and have been assessed using 
patch clamp studies on isolated myocytes from several 
species. The upstroke results from Ca”* entry through volt- 
age-dependent Ca”* channels, while the repolarization 
phase is attributed to voltage-dependent Kt channels and 
Ca**-dependent K* channels. Subsequently, the cell shows a 
prolonged after-hyperpolarization during which the mem- 
brane potential is more negative than the resting potential. 


Cell shortening 
Contractile proteins 


In both striated and smooth muscle, the contractile appa- 
ratus is made up of structural proteins arranged as thick 
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Figure 4.1 

Phases of the action potential. A schematic representation of the 
phases of the action potential in the detrusor muscle cell. From 
the resting membrane potential, an extrinsic stimulus causes a 
slight depolarization. If this is sufficient to reach a threshold 
level, a transient reversal of the cell membrane potential occurs 
as a result of a rapid increase in the membrane permeability to 
calcium. This is followed by a plateau phase, before the cell 
repolarizes due to restoration of potassium as the most 
permeant ion. For a brief period, the membrane potential may 
become even more negative, ‘after-hyperpolarization’, rendering 
the cell less excitable, as a greater extrinsic stimulus will be 
required to bring the cell to its threshold potential. 


(myosin) and thin (actin) filaments. The sliding filament 
theory of contraction, developed in skeletal muscle, sug- 
gests that muscle shortening occurs because overlapping 
fibers of fixed length (the thick and thin filaments) slide 
past each other in an energy-consuming process. Figure 4.2 
illustrates the phases involved to achieve this. The configu- 
ration of the cytoskeleton is such that actin from all parts 
of the cell is drawn inwards towards the center, resulting in 
overall cell shortening. The process is powered by hydroly- 
sis of ATP and regulated by the concentration of free cal- 
cium in the cytoplasm. 

Myosin is the major component of the thick filaments in 
all tissues, smooth muscle myosin consisting of a heavy 
chain pair (MHC) and a light chain pair (MLC) (Figure 
4.3). It has a globular head formed by folding of the N’-ter- 
minus of the MHC pair, while the C’-terminal parts inter- 
twine to form an a-helix, which constitutes the thick 
filament. Smooth muscle myosin in vivo occurs in various 
isoforms, which influence assembly and function of the 
contractile apparatus, the types of MHC present in the 
muscle determining its biomechanical behavior. Two iso- 
forms, SM1 and 2, differing in the C’-terminal portions, 
are generated by alternative splicing of the mRNA encoded 
by a single smooth muscle MHC gene.” The relative 
expression of these isoforms is influenced by acute spinal 
cord injury.® Further isoforms are generated by alternative 
splicing at the 5’-end of the MHC mRNA, determining an 
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Figure 4.2 

The phases in the sliding filament hypothesis of muscle 
contraction: (1) attachment of the myosin heads to actin 
filaments; (2) angulation of the attachment within the myosin 
molecule; (3) release of the binding; (4) straightening of the 
myosin angulation; and (5) repetition. 


insert that encodes seven amino acids in the N’-region, 
near the ATP-binding site. Noninserted MHC (SM-A) pre- 
dominates in tonically active muscle, while the majority of 
MHC is inserted (SM-B) in phasic tissues, such as the 
bladder and visceral muscle in general.’ SM-B has higher 
actin-induced ATPase activity and can move actin faster in 
an in vitro motility assay. MLCs are sited at the head—rod 
junction of the MHCs. They occur as a pair of 20 kDa 
chains (MLC20), and a 17 kDa pair (MLC17). The MLC20 
is also known as the regulatory light chain because it regu- 
lates smooth muscle contraction according to its degree of 
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Smooth muscle myosin. (a) Schematic drawing of smooth muscle 
myosin, showing the relationship between the two myosin heavy 
chain molecules (MHC) and the myosin light chains (MLC 20 and 
17). (b) Schematic representation of the MHC, showing regions of 
actin and ATP binding and sites of isoform variation for SM1/2 
and SM-A/B. 


phosphorylation. MLC17 extends close to the MHC ATP- 
binding site and is termed the essential light chain because 
its removal leads to loss of ATPase activity. MLC isoforms 
are recognized which can influence shortening velocity in 
some smooth muscle types.6>® Obstruction in the mouse 
bladder induces increased expression of C-terminal (SM1) 
and N-terminal (SM-A) myosin heavy chain isoforms.™ 


Regulation of the contractile 
apparatus 


The key event determining activation of smooth muscle 
cell contractile proteins is a sufficient rise in cytosolic Ca** 
concentration. Increased Ca’ leads to the formation of a 
complex with the cytoplasmic protein calmodulin, result- 
ing in activation of myosin light chain kinase (MLCK). 
Following phosphorylation of a specific site on the regula- 
tory light chain by MLCK, using ATP as the phosphate 
donor, crossbridges form between myosin and actin. 
Angulation in the myosin molecule results in relative 
movement between the two types of fiber, which is the 
basis of cellular shortening. Once phosphorylated, repeti- 
tive cycles of attachment and angulation continue until 
MLC20 is dephosphorylated by myosin light chain phos- 
phatase, which is usually bound tightly to myosin. This 
entire process can be modulated by intracellular factors. 
For example, MLCK is subject to phosphorylation by vari- 
ous kinases, which influence its affinity for Ca”*—calmod- 
ulin. One enzyme that can achieve this is phosphokinase 
A, which is activated by cAMP.® A rho kinase inhibitor 


suppresses myosin regulatory light chain phosphorylation.‘ 
The composition of thin filament-associated proteins, par- 
ticularly tropomyosin, actin, and calponin, changes in 
bladder hypertrophy due to partial outlet obstruction. 
The relationship between MLC phosphorylation and force 
generation is nonlinear.” 

Two sources of Ca? can generate the elevation in cyto- 
plasmic levels determining contraction: 


1 Release of Ca” stored intracellularly in the sarcoplas- 
mic reticulum (SR) through pharmacomechanical 
coupling, mediated by IP; and ryanodine receptors. 
Ryanodine receptors trigger release of Ca’ stores in 
response to an initial rise in intracellular Ca”, hence the 
term ‘calcium-induced calcium release’ (CICR). IP, 
receptors are also regulated by intracellular Ca?*, with a 
marked increase in channel opening as the levels start to 
rise, followed by a reduction in activity at higher levels. 
Local calcium transients occur in discrete subsarcolem- 
mal hot spots, which subsequently spread to CICR over 
wider areas, and can be attenuated by uncoupling of 
voltage-dependent calcium channels from ryanodine 
receptors in the hot spots.” Muscarinic receptor activa- 
tion appears primarily to work through generation of 
IP3, but it can also cause a small degree of direct extra- 
cellular Ca** entry by activating nonselective cation 
channels and increasing the action potential frequency. 

2 Influx of extracellular Ca* across the surface mem- 
brane, associated with altered cell membrane poten- 
tial, through electromechanical coupling. The 
depolarization phase of the action potentials is associ- 
ated with rapid entry of Ca?” into the intracellular 
compartment, which is further enhanced as a conse- 
quence of CICR from intracellular stores. 


The central role of Ca** in smooth muscle contraction is 
summarized in Figure 4.4. 

At this stage, the relative importance of electromechanical 
and pharmacomechanical coupling, and of intracellular or 
extracellular Ca** sources in detrusor contraction, remains 
unclear’! and may vary with the magnitude of stimulation. 
The situation is highly complicated, as several further factors 
influence the ability of smooth muscle to generate phasic or 
tonic contraction. Shortening velocity is higher when intra- 
cellular Ca** and phosphorylation are high, while fairly low 
Ca** and phosphorylation support high levels of force gen- 
eration. Myosin light chain dephosphorylation does not 
necessarily lead to relaxation: myosin may remain attached 
to actin for a period of time in what is known as a latch state, 
by mechanisms which are not fully understood. This allows 
maintenance of tension with minimal consumption of ATP. 
Some smooth muscles can maintain tone at low levels of 
LC, phosphorylation, implying a different mechanism of 
regulation of contraction, directed at actin rather than 
myosin. Caldesmon inhibits actomyosin ATPase activity. 
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Figure 4.4 

The role of calcium in detrusor 
muscle contraction. Cytosolic 
calcium increases rapidly as a 
result of release of intracellular 
stores, mainly in the sarcoplasmic 
reticulum, in response to second 
messenger signaling through the 
inositol triphosphate pathway and 
calcium-induced calcium release 
through ryanodine receptors. 
Extracellular calcium can also enter 
the cytoplasm through L-type 
calcium channels in the cell 
membrane in response to 
depolarization. The resulting 
generation of a calcium 
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When phosphorylated, caldesmon releases actin, allowing it 
to interact with myosin. PKC, activated by DAG, is also 
believed to play an important role in the regulation of sus- 
tained smooth muscle contraction in general, though its role 
in the detrusor is not known.” Related to the PKC activation 
pathway may be other proteins, such as mitogen-activated 
protein kinase, caldesmon, small GTP-binding proteins, 
calponin, and others.® 


Detrusor relaxation 


The Ca” stores in the bladder are relatively labile: they can 
be readily depleted in Ca?+-free solution, and rapidly filled 
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choline; G, G protein; PLC, 
phospholipase C; PIP2, 
phosphatidyl inositol diphosphate; 
IP3(R), inositol triphosphate 
(receptor); DAG, diacyl glycerol; SR, 
sarcoplasmic reticulum; RyR, 
ryanodine receptor; CaM, 
calmodulin; MLCK, myosin light 
chain kinase. 


from the extracellular source. Relaxation occurs when Ca** 
is taken back into the intracellular stores through the sar- 
coplasmic/endoplasmic reticulum Ca** ATPase (SERCA) 
pump. Some Ca? is also lost across the cell membrane and 
has to be replenished between contractions to ensure a 
steady state for calcium balance. Mechanisms by which 
stores are replenished are uncertain, but could include 
action of a cellular membrane Ca**—Na’* antiport, or a 
Ca**-ATPase.” A proportion of the calcium channels in 
the detrusor cell membrane are T-type,” which are active 
at a more negative membrane potential than L-type chan- 
nels. Thus, at resting membrane potential, they may permit 
Ca’ entry at a rate which will allow replenishment of 
stores, but not fast enough to precipitate contraction. 
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CICR does not only lead to contraction, but may also 
promote activation of membrane-bound Ca”*-activated 
channels. For example, CICR from ryanodine receptors 
appears to have a strong functional influence on BK chan- 
nels in the surface membrane. This may have a protective 
effect, as excessive accumulation of calcium activates Ca”*- 
dependent enzymes such as proteases and lipases and can 
trigger apoptosis. Detailed discussion of the regulation of 
Ca” is given by Horowitz and colleagues. 

Detrusor strips show adjustable passive stiffness charac- 
terized by strain softening: a loss of stiffness on stretch to 
a new length distinct from viscoelastic behavior. At the 
molecular level, strain softening appears to be caused by 
cross-link breakage. Potassium- or carbachol-induced con- 
traction rapidly restores the passive stiffness lost to strain 
softening, but this can be prevented by the rhoA kinase 
inhibition.” 


Metabolism 


Relatively little is known about metabolic processes in nor- 
mal detrusor muscle. The response of the bladder to vari- 
ous stimuli is biphasic, comprising a rapid phasic rise in 
tension, followed by a prolonged period of force genera- 
tion, the latter ensuring contraction is maintained until 
completion of voiding. The sustained phase is sensitive to 
depletion of glucose,” since glycogen stores in the detrusor 
are relatively small.” It is also acutely affected by removal 
of oxygen from the bathing medium, even though intracel- 
lular levels of ATP may be high.” This suggests that sus- 
tained tension is supported by high energy phosphates 
derived directly from oxidative phosphorylation, rather 
than cytosolic ATP. However, the basal metabolic rate is 
high”* and oxygen-consuming energy production accounts 
for only 60% of heat generated during contraction, so that 
bladder muscle produces lactate under aerobic conditions 
(aerobic glycolysis).’” 


Tissue physiology of the 
bladder 


Spontaneous activity 


Spontaneous contractions occur in isolated detrusor strips, 
although the proportion of strips showing activity and the 
frequency of the contractions show marked species varia- 
tion.’”*”? Individual contractions in isolated detrusor strips 
generally occur on a baseline of nearly zero tension, rising 
briefly to a variable amplitude and then falling back to 
baseline (Figure 4.5). This contrasts with intestinal smooth 
muscle, where contractions often fuse into a sustained 
high-tension tetanus. Fused tetanic contractions occur very 
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Figure 4.5 
Spontaneous contractile activity. Patterns of contractile activity 
shown by isolated human detrusor muscle strips. (a) Phasic: 
repetitive contractions of about 30 s duration, each returning to 
baseline. (b) Tonic: a sustained rise in tension, often with 
superimposed phasic activity. (c) Fused tetanic contraction: 
rarely exhibited by muscle strips from normal bladders. 


infrequently in normal detrusor strips, a further indicator 
that electrical coupling is relatively poor. 

Spontaneous activity appears to have a myogenic basis, 
as it is not abolished by various receptor antagonists or 
nerve blockade. In most species, L-type Ca°™ channel 
blockers reduce spontaneous mechanical activity, while K* 
channel blocking drugs have the opposite effect. Some 
smooth muscles show spontaneous changes in membrane 
potential, in the form of action potentials or oscillations 
(‘slow waves’). Quantal release of neurotransmitter from 
nearby nerve fibers also leads to fluctuations in the mem- 
brane potential, manifesting as excitatory junction poten- 
tials (EJPs) or inhibitory junction potentials (IJPs). EJPs 
are depolarizations below the threshold, but if enough 
transmitter reaches a muscle cell in a limited time period, 
summation of the EJPs may depolarize sufficiently to initi- 
ate an action potential, resulting in contraction of the cell. 
The extent to which the action potential will be propagated 
through the tissue depends on the degree of intercellular 
coupling. In poorly coupled tissues, the rate of EJPs greatly 
exceeds the level of spontaneous mechanical activity. 
Spontaneous action potentials can be recorded in individual 
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detrusor myocytes. Microelectrode recording from intact 
smooth muscle strips has been successful predominantly 
with tissue from small mammals,°°°* a few studies com- 
bining electrical and mechanical recording. In these ani- 
mals, spontaneous action potentials occur continuously. 


Excitatory and afferent 
innervation 


The bladder is densely innervated, the ratio of axons to 
muscle cells in several species approximating to 1:1. In the 
human, detrusor cells are separated from the nearest nerve 
fiber by a maximum of 200 nm.® This arrangement means 
that there is the potential for near-synchronous activation 
of the entire detrusor, either by direct nerve stimulation of 
each cell, or by widespread nerve stimulation and limited 
intercellular propagation. 

Acetylcholine is the main neuromuscular transmitter in 
the parasympathetic nervous system. It is stored in vesicles 
in the nerve fibers of the detrusor; it is released as a conse- 
quence of action potentials and it diffuses in the vicinity of 
the muscle cells. Acetylcholine is active until the molecule 
undergoes enzymatic degradation by acetylcholinesterase. 
The choline component diffuses back to the nerve fibers, 
where it is taken up by specific transport mechanisms for 
recycling. It was formerly thought that neurotransmitter is 
released from varicosities to diffuse nonspecifically to adja- 
cent muscle cells, but it is now recognized that there are 
specialized structural relations between nerve fibers and 
detrusor cells,*' akin to neuroeffector junctions elsewhere. 
This observation has experimental significance, as it means 
the receptors activated pharmacologically during evoked 
response experiments in isolated muscle strips are not nec- 
essarily those involved physiologically in neuromuscular 
transmission.» 

Atropine, a cholinergic antagonist, eliminates virtually 
all muscular response to nerve stimulation in normal 
humans,’®**-* indicating the predominant role of acetyl- 
choline. Nevertheless, nerves often release cotransmitters 
simultaneously with the classically recognized trans- 
mitters (reviewed in reference 86). Accordingly, detrusor 
response to nerve stimulation is partly atropine resistant 
in most species, the atropine-resistant component varying 
between species and with the stimulus frequency.*’ In fact, 
variation of the experimental parameters has revealed a 
30% atropine-resistant component in humans at low fre- 
quencies." ATP has emerged as the most likely nonadren- 
ergic noncholinergic (NANC) transmitter mediating 
atropine-resistant excitation. The release of ATP by intrin- 
sic innervation of the rat bladder has been reported. It 
causes muscle contraction until enzymatic degradation by 
an ectoATPase.® There is currently little evidence of sepa- 
rate cholinergic and purinergic innervation; the two 


neurotransmitters are probably coreleased. Human detru- 
sor smooth muscle shows a concentration-dependent 
contraction in response to ATP in the perfusing solution 
in vitro, but the physiologic role of ATP in humans has yet 
to be established. 

A wide range of other possible transmitters is present 
in nerve fibers in the detrusor.’ Adrenergic fibers are 
few and far between in the body of the bladder, but they are 
more numerous nearer the bladder outlet.”® Neuropeptide 
Y-immunoreactive fibers lacking noradrenaline are present in 
human detrusor.” Galanin is present in the terminal inner- 
vation of the rat and human urinary tract. Vasoactive 
intestinal polypeptide (VIP) often acts as a cotransmitter 
with ACh in parasympathetic nerves and it is present in the 
human detrusor innervation.*? Nitric oxide synthase-like 
immunoreactivity is also present in detrusor innervation.” 
The role of these substances in vivo is currently uncertain, 
but it is possible they have a modulatory role. 

The mechanism by which the efferent innervation 
achieves muscle contraction is debated. In small mammals 
acetylcholine causes little depolarization of the mem- 
brane, although it may cause a delayed increase in action 
potential frequency. Muscarinic receptor stimulation has 
been shown to raise intracellular IP, levels, implicating 
release of intracellular stored Ca?” in the initiation of con- 
traction. In cultured human detrusor smooth muscle cells, 
muscarinic receptor activation has been shown to raise 
intracellular Ca**, probably via M, receptors. After M3 
receptor stimulation, desensitization of the resulting IP, 
response occurs, potentially representing a cellular mech- 
anism for regulation of detrusor contraction. Stimulation 
of the intrinsic nerves results in depolarizing junction 
potentials in small mammals and in the pig. In the guinea 
pig, these excitatory junction potentials are caused by 
release of ATP from the motor nerve supply. Under nor- 
mal circumstances these junction potentials trigger action 
potentials, but in the presence of L-type Ca** channel 
blockers, the junction potentials can be recorded in isola- 
tion. They are unaffected by muscarinic receptor block- 
ade, but abolished by desensitization or blockade of 
purinergic receptors. Activation of P,, purinoceptors 
triggers entry of extracellular calcium through voltage- 
operated Ca** channels and nonselective cation channels 
in the cell membrane, leading to depolarization and 
increased action potential frequency. 

Functionally distinct classes of bladder sensory neurons 
can be stretch or tension sensitive, including muscle 
mechanoreceptors and mucosal mechanoreceptors. There 
are also mechanoreceptors and chemoreceptors, but the 
mechanisms of activation of many bladder sensory recep- 
tors remain unclear.” They convey sensory information 
via small myelinated (A-delta) or unmyelinated afferents 
(C-fibers), which can be defunctionalized by substances 
such as capsaicin via the vanilloid VR1 receptor. The vanil- 
loid receptor is a member of the transient receptor potential 
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(TRP) channel superfamily.” Further members of this 
group are now recognized at various cellular locations in 
the bladder, including the cold-menthol sensory receptor 
(TRPM8; CMR1), which is seen in nerve fibers in bladder 
samples from people with overactive or painful bladder 
syndrome.” Another TRP channel relevant in this context 
is TRPA1.” 


Myofibroblasts 


Myofibroblasts are fibroblastic cells with certain character- 
istics of smooth muscle, of which the interstitial cell of 
Cajal (ICC) from the gastrointestinal tract is an example. 
The myofibroblast group has a role in pacemaker activity 
and transmission of excitation in the gut” and possibly the 
upper urinary tract.” Consequently, their presence in 
the bladder may prove significant physiologically and in the 
etiology of pathophysiologic conditions. Unfortunately, 
identification of myofibroblasts is hampered by the lack of 
specific microscopic criteria diagnostic of the group.”8 
Accordingly a panel of features has to be assessed, based 
on morphology, immunophenotype, and ultrastructural 
characteristics.” 

One study has confirmed a myofibroblast population 
located suburothelially in the human bladder (Figure 4.6), 
though not in the detrusor.” Cells morphologically resem- 
bling ICCs have been described in human detrusor > 10% 101 
and guinea pig detrusor,'” but since these studies did not 
assess ultrastructure, the presence of myofibroblasts in the 
human detrusor remains unconfirmed. Nevertheless, a wide- 
spread network of unidentified cellular processes ramifying 
throughout the detrusor has been observed in several studies, 
which may have implications for current understanding of 
dissemination of excitation through the bladder wall. They 
communicate with detrusor muscle cells via gap junctions, 
and increased connexin 45 is seen in urgency incontinence.” 
ICC-like cells also establish close contacts with several other 
cell types, which are not via gap junctions.” 

The potential functional significance of the myofibro- 
blast is underlined by the observation of spontaneous cal- 
cium waves in ICC-like cells in the guinea pig detrusor, 
suggesting that they may act as pacemakers!” or as inter- 
mediaries in neuromuscular transmission.” The ion cur- 
rents in the ICC-like cells have been partly characterized. 
104,105 TCC-like cells are physically coupled to detrusor cells 
by cadherin-11.'°° The cell groups are also functionally 
coupled,” resulting in a modulatory relationship, though 
a direct pacemaker interaction is disputed.'°* They are 
responsible for the phasic autonomous bladder activity 
seen in the isolated rodent bladder,!!!° and the ICC-like 
cells themselves are modulated by close innervation.'!° 
Some of these cells express the stem cell factor receptor 
c-kit, which has been used as a handle for manipulating 
their activity pharmacologically.!!"'!* ICC-like cells express 


Figure 4.6 

A bladder myofibroblast. Electron micrograph of a myofibroblast 
from the lamina propria of a human bladder, showing several 
characteristic ultrastructural features, including an incomplete 
basal lamina, membrane caveolae, and cytoplasmic stress fibers. 
An unmyelinated nerve fiber with a Schwann cell sheath (N) and 
several collagen fibers (C) are seen nearby. Scale bar = 500 nm. 
(Picture courtesy of Professor DN London, Institute of Neurology, 
London.) 


M;-cholinergic receptors!” and increased immunostaining 


for M;- and M,-receptors in myofibroblast-like cells in clini- 
cal bladder problems suggests that this may be a site at 
which anticholinergic drugs achieve therapeutic effects.''4 
Likewise, the presence of VR1 receptors on these cells? 
points towards the multiple points in the bladder wall at 
which therapeutic interventions may act. 


The micturition cycle 


The bladder alternates between phases of filling, in which 
urine is stored at low pressure, and voiding, where the 
detrusor contracts and the outlet relaxes. The physiologic 
events during the two phases of the cycle are very different. 


Bladder filling 


The bladder stores urine for expulsion at an appropriate 
time. During urine storage, the predominant muscular 
mechanisms involve adaptation to accommodate rising 


50 Textbook of the Neurogenic Bladder 


intravesical volumes, ranging from 0 to 500 ml or more. 
The range of intravesical volumes necessitates substantial 
adjustments within the detrusor and urothelium, such that 
individual smooth muscle cells elongate many times their 
resting length without increased tension.'!° Several investi- 
gators have proposed that the ability of the bladder to 
stretch with minimal increase in intravesical pressure 
might be achieved through action of a relaxant factor. 
Nerve-induced detrusor relaxation involving nitric oxide 
(NO) has been reported,!''® but other investigators have 
been unable to find detrusor relaxation in response to 
nerve stimulation.!!” Detrusor cells express some receptors 
which can mediate relaxation. Studies in the rat have sug- 
gested the presence of an unidentified relaxant factor 
released by muscarinic receptor activation.''® The signifi- 
cance of these observations in normal bladder function has 
yet to be established. 

Because the bladder is able to expel urine regardless of 
the volume contained, ergonomic considerations require 
that the ratio of the surface area to the volume is kept to its 
minimum, optimizing the bladder configuration for void- 
ing if required. The ability to maintain tone without gener- 
alized contraction despite considerable stretch may arise in 
part from spontaneous action potentials unrelated to the 
innervation,'’® resulting in localized contractile activity. 
This will tend to maintain tone in the organ as a whole 
and allow adjustment to the increase in volume, without 
synchronous mass contraction of the entire bladder. 

During bladder filling, several species show transient 
rises in intravesical pressure unrelated to micturition,'”° 
particularly when the bladder is filled at physiologic 
rates.'?'!”? The mechanisms responsible for these nonmic- 
turition contractions (NMCs) are not understood, but 
phasic fluctuations in intravesical pressure have been 
reported in several preparations where pathways of the 
micturition reflex have been interrupted.'”-!”> Intramural 
contractile activity with minimal pressure rise has been 
also been reported during bladder filling, taking the form 
of localized shortenings, termed ‘micromotions’'”° or 
propagating waves.! These observations indicate that 
peripheral mechanisms can generate bladder activity inde- 
pendent of the CNS and that NMCs are based on different 
mechanisms from micturition. Some understanding of 
these phenomena may be gained by comparison with the 
upper urinary tract, where autonomous areas of localized 
contractility (‘pacemakers’) synchronize and initiate peri- 
stalsis in response to distention.” A corresponding 
arrangement into peripheral autonomous modules has 
been proposed in the bladder.'”* In this model, modules are 
proposed as functional contractile units within the detru- 
sor, analogous to the motor unit arrangement of skeletal 
muscle (Figure 4.7). Each module would be capable of con- 
tracting in isolation, perhaps consequent upon pacemaker 
activity, resulting in a localized contraction. The coordina- 
tion of activity in neighboring modules would lead to orga- 
nized contraction of a greater proportion of the bladder 


wall. Coordination of separate modules might occur 
through either ICC-like cell networks, or through direct 
myogenic transmission.” The existence of localized con- 
tractions in whole organ contractility has been described 
in rodents!®!8:19%13! and humans!**!°> (Figure 4.8). This 
results in a complex relationship between the intramural 
contractility and intravesical pressure.'*4 


Voiding 

Voiding is initiated by the CNS, which activates the 
parasympathetic efferents, resulting in widespread syn- 
chronous detrusor contraction and consequent increase in 
intravesical pressure. Simultaneously, a complex series of 
reflexes ensures appropriate configuration of the bladder 
outlet and relaxation of the continence mechanisms, 
resulting in urine flow. In order to ensure complete empty- 
ing, force of contraction has to be sustained throughout 
the voiding phase. A particular feature of the detrusor is 
the ability to sustain near-maximal force generation in the 
face of significant length changes. This is influenced both 
by ergonomic considerations as alluded to above and also 
the maintenance of the stimulus to contract until complete 
emptying has been achieved. Implicitly, sustained efferent 
activity will achieve the latter, but conceivably peripheral 
mechanisms underlying NMC activity could make an 
important contribution. 


Regionalization in the 
bladder 


Functional distinctions can be drawn between various 
regions of the bladder musculature. The body of the detru- 
sor serves to store and expel urine periodically. The bladder 
base, particularly the trigone, differs in terms of the 
microanatomic arrangement of the muscle, the profile of 
receptors expressed, and the predominantly sympathetic 
innervation. This region may have a role in sensory return, 
and anatomic configuration of the bladder outlet and 
vesicoureteric junctions during voiding. 

The bladder neck in men provides a sphincter function 
to ensure prograde propulsion on ejaculation. Some differ- 
ences in neuromuscular transmission compared with the 
rest of the bladder may be present at the bladder neck. 
Pituitary adenylate cyclase activating protein (PACAP) 38 
and VIP relax the pig urinary bladder neck.” PACAP 38 is 
involved in inhibitory neurotransmission.'*° In addition, 
presynaptic modulation influences transmitter release.'*” 


Urothelium and suburothelial region 


The urothelium maintains a barrier function, but it also 
appears to exhibit sensory and signaling properties that 
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Figure 4.7 
The peripheral autonomous module hypothesis of the detrusor. A schematic representation of the bladder wall, showing muscle blocks (1) 


defined by the region of distribution of axons of dominant motor neurons within intramural ganglia (2). These cells are influenced by a circuit 
made up of other neurons in the ganglion (3), which integrate information from diverse inputs, such as collaterals from suburothelial afferents 
(4) and axons from neighboring modules (5). Once a dominant motor neuron reaches a threshold of excitation, it fires action potentials, 
resulting in autonomous contraction localized to the muscle block supplied. Communications between modules across a hypothetical 
‘myovesical plexus’, in the form of axons connecting the integrative circuitry of neighboring modules (5), or myofibroblast processes passing 
between muscle blocks (6), result in coordinated activity in a greater proportion of the bladder wall. This physiologic proposal has implications 
in the comprehension of pathophysiologic processes underlying conditions such as detrusor overactivity, since pathologically enhanced activity 
within modules or enhanced coordination of neighboring modules could facilitate uninhibited detrusor contraction outwith volitional control. 
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Figure 4.8 

Activity in an autonomous module. Localized activity arising spontaneously in an isolated mouse bladder. Separation of multiple markers 
on the bladder surface was assessed, indicated on the photograph in the left panel. On the right are plotted marker separations in two 
regions. In one, spontaneous localized shortenings were observed, with concurrent elongations in the neighboring region, indicating 
autonomous behavior in discrete areas, i.e. functional modularity. Markers outside these regions maintained a constant separation. 
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allow response to the chemical and physical surroundings 
and reciprocal communication with subjacent structures. 
The urothelium secretes factors that can influence muscle 
contractility.” Substances released by the urothelium sig- 
nificantly alter the contractile response to carbachol?’ and 
electrical field stimulation,! while a diffusible inhibitory 
substance can reduce detrusor contractility." The mecha- 
nisms involved have yet to be clarified, but the urothelium 
does release ATP!*! and other substances in response to 
stretch, proportionate to the degree of intravesical disten- 
tion. The stretch response could result from the presence of 
mechanosensitive sodium channels, the density of which 
varies according to changes in the local conditions.'” 
Urothelial cells express a range of receptors and release 
substances that can regulate the activity of underlying 
nerves. '4*'#4 This may have clinical significance: for exam- 
ple, urothelial expression of bradykinin receptors alters in 
models of bladder pathophysiology. The suburothelial 
region is densely innervated and a wide range of putative 
neurotransmitters is present, which may be released 
locally (‘sensory efferents’).'4° In addition, there is an 
extensive suburothelial network of myofibroblastic inter- 
stitial cells.” The urothelium synthesizes and releases 
transmitters, including ATP'*”!“8 and acetylcholine.'”” 
Their release may be modulated by the epithelial sodium 
channels on the apical surface of the urothelial cells, result- 
ing in responsiveness to stretch.'** Hormonal influences 
mediated by aldosterone have also been described.'”° 


The physiology of the urethra 


Bladder outlet function is derived from a complex integra- 
tion of skeletal muscle in the pelvic floor and urethral wall, 
urethral smooth muscle, lamina propria, and urothelium. 
There are clear species variations, and the behavior of the 
skeletal component of the outlet has been shown by elec- 
tromyography to differ in the rat and the guinea pig, with 
the suggestion that the rat urethra is therefore a less good 
model of the human urethra.'°' There are also marked 
regional variations, even in just the smooth muscle com- 
ponent. Whereas the female pig urethra is arranged in 
three smooth muscle layers, an inner longitudinal, a mid 
circular, and an outer longitudinal layer, the female human 
urethra has a smooth muscle bilayer consisting of an inner 
longitudinal and an outer circular layer.'°* The longitudi- 
nal muscle is anatomically continuous with the detrusor, 
implying a possible role in bladder neck opening and ure- 
thral shortening at the onset of voiding.’ The circular 
layer is not continuous with the detrusor and is arranged in 
a disposition typical of a muscular sphincter, so it may be 
important for maintaining urethral closure. These 
anatomic distinctions may contribute to the functional 
attributes of the urethra in preventing leakage during 


storage, yet allowing urine flow during voiding. At this 
stage, however, understanding of the underlying processes 
is patchy. 


Molecular cell biology of the 
urethra 


Receptors 


Adrenergic receptors are important in maintenance of 
urethral closure, and in the circular smooth muscle of the 
urethra there is evidence for the œ, subtype,’ and also 
the o,, subtype." 

Muscarinic receptors show regional and interspecies 
variation. Cholinergic contraction of the normal pig ure- 
thra appears to be mediated via M, and, to a lesser extent, 
M; receptors in circular muscle, but only by M, receptors 
in longitudinal muscle.!°° M,, M,, and M; receptors may be 
involved in carbachol-induced contraction of the circular 
muscle of the rabbit urethra. The circular muscles have 
been reported to show a minimum or no response to 
muscarinic stimulation in vitro.!°° 


lon channels 
Potassium channels 


Exposure to the potassium channel opener levcromakalim 
causes relaxation of strips of proximal urethral smooth 
muscle from the female pig, associated with hyperpolariza- 
tion and an outward K* current, both of which are blocked 
by glibenclamide.'*’ The channel responsible is inhibited by 
intracellular ATP, reactivated by nucleoside diphosphates, 
and may be regulated by intracellular magnesium levels." 
The channel was felt to differ from the ATP-sensitive chan- 
nel in the guinea pig bladder, because of different conduc- 
tance and reactivation properties. Sulfonylurea receptor 
subtypes have been shown to regulate ATP-sensitive potas- 
sium channel activity in the pig urethra.'*’ The diversity of 
potassium channels in urethral smooth muscle is also 
shown by drug effects; another potassium channel opener, 
nicorandil, appears to induce relaxation in proximal pig 
urethra through two independent mechanisms,'® and the 
action of mefenamic acid on the smooth muscle of proxi- 
mal pig urethra shows three effects, on different potassium 
channels.'*! Further components of the outward K* cur- 
rent are a Ca’*- and voltage-sensitive BK current and a 
voltage-activated, Ca”*-insensitive DK current. The resting 
membrane potential in proximal urethral smooth muscle 
cells varies according to species and gender, with sponta- 
neous hyperpolarizations and depolarizations apparent in 
a minority of cells.'© 
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Other channels 


In urethral smooth muscle of the human, sheep, guinea 
pig, and rabbit, both L-type and T-type Ca”* channels and 
Ca**-dependent Cl currents have been identified. 1664 
The former seem to be responsible for the upstroke of the 
action potential. Drug effects have also shown diversity in 
the behavior of Ca” channels.!® 


Cell and tissue physiology of 
the urethra 


Innervation 


The bladder outlet receives neuronal inputs from several 
sources, both somatic and autonomic, mediating voluntary 
and involuntary mechanisms. Nerve-mediated contrac- 
tions and relaxations occur in urethral smooth muscle, 
depending on the stimulation parameters, and the urethra 
appears to have both excitatory and inhibitory innervation, 
differing from the detrusor where direct innervation 
appears to be solely excitatory." The predominant excita- 
tory innervation is noradrenergic. Tamsulosin has been 
shown in vivo to reduce urethral resting pressure '°° and to 
be a potent urethral œ; adrenoceptor blocker in vitro. In 
addition, a parasympathetic cholinergic excitatory input to 
the urethra has been identified in male rats, but not in 
females,“ and there may also be a purinergic compo- 
nent.'© Evidence is now also available for the role of gluta- 
matergic and serotonergic mechanisms in the regulation 
of urethral function, possibly at the spinal level,!”°’”’ and 
this stimulated the development of duloxetine as a clinical 
therapy for stress urinary incontinence.” 

Nitrergic innervation from nerves with cell bodies in the 
major pelvic ganglia is also present and is primarily 
inhibitory. There is evidence for the presence of nitric 
oxide synthase in the striated muscle of the female urethra 
in the human!” and in the guinea pig.'”4 Nitric oxide 
donors have also been shown in vivo to reduce urethral 
resting pressure.” The constitutive carbon monoxide- 
producing enzyme heme oxygenase-2 coexists with neu- 
ronal nitric oxide synthase in nerve trunks of the human 
urethra.'7° 


Generation of tonic 
contraction 


Smooth muscle tension is one of the factors contributing 
to the maintenance of intraurethral pressure at a level 
exceeding the intravesical pressure, thereby ensuring conti- 
nence. In-vivo studies of the effects of cholinergic and 


adrenergic agonists and antagonists on urethral pressure in 
humans have had variable results, but suggest that there is 
a tonic activity in the sympathetic innervation, with mini- 
mal contribution from cholinergic stimulation. Overall, 
sympathetic nervous activity is crucial to the maintenance 
of urethral closure. 

Urethral smooth muscle generates spontaneous tone, 
which is greater in strips from the proximal urethra than 
the distal urethra in vitro.” This may be dependent on 
electrical membrane events, the force of contraction 
depending on the amplitude and duration of the plateau of 
electrical ‘slow waves’, and also on Ca” release from intra- 
cellular stores." L-type Ca** current and Ca**-activated 
Cl current both seem to contribute to the generation of 
slow waves, whereas BK and DK currents appear to oppose 
depolarization during the plateau phase of the slow wave 
and may therefore modulate Ca” entry. 

Rabbit urethra appears to contain interstitial cells, acting 
as specialized pacemaking cells that may be responsible for 
initiating slow waves in smooth muscle cells.'””"'*! Partial 
tissue dissection with collagenase reveals a small popula- 
tion of branched cells, which may be myofibroblasts. These 
cells exhibit regular spontaneous depolarizations, which 
increase in frequency when exposed to norepinephrine 
(nonadrenaline) and are blocked by perfusion with cal- 
cium-free solution. They show Ca**-activated Cl current 
and spontaneous transient inward currents, which can be 
blocked by Cl channel blockers.'® Calcium oscillations in 
these cells, related to ryanodine-sensitive intracellular 
stores, and the role of a Na**-Ca”* mechanism in the regu- 
lation of their spontaneous activity, have been demon- 
strated.'*?'84 Accordingly, generation of tone may result 
from pacemaker activity of a small group of cells in the 
urethra, rather than intrinsic properties of the smooth 
muscle cells themselves. Electrical activity in these cells 
may also be modulated by nitrergic mechanisms.'* 


Urethral relaxation 


The urethral pressure drops during micturition, prior to 
increase in intravesical pressure. When cholinergic and 
adrenergic responses are blocked, intrinsic nerve stimula- 
tion relaxes the tone of urethral muscle strips. Nerve- 
mediated relaxation is at least partly nitrergic,'® acting by 
activating soluble guanylate cyclase.'*° Phosphodiesterase 5 
inhibitors can modulate this relaxation.'*” The urothelium 
in the proximal urethra may enhance nerve-mediated 
smooth muscle relaxation by releasing NO.'** Carbon 
monoxide may also act as an inhibitory transmitter, 
although with significantly lower potency than NO. '87!%° 
Several other mediators may influence urethral tone. 
Relaxation can be mediated through B-adrenoceptors, via 
B, and B; subtypes.’ Prostaglandins could increase or 
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decrease both longitudinal and circular smooth muscle 
layer tension.'®! Prostaglandin synthesis inhibitors increase 
tension and spontaneous activity in pig urethral smooth 
muscle, whereas E series prostaglandins and VIP have the 
opposite effect. Serotonin produces substantial relaxation, 
partly inhibited by specific 5-HT receptor antagonists. ATP 
and adenosine can also elicit relaxation of urethral smooth 
muscle, in a manner similar to nerve-mediated relaxation, 
although the role of P2Y receptors is unclear. "°> 1° 


Presynaptic modulation 


Activation of a, adrenoceptors and muscarinic receptors 
can inhibit both the release of norepinephrine from adren- 
ergic nerve terminals and the release of acetylcholine from 
cholinergic nerve terminals. This was interpreted as nega- 
tive feedback control, indicating that the components of 
the urethral dual innervation may cross-regulate. The 
release of NO from nitrergic nerves in the rabbit urethra is 
reduced and increased by stimulation of prejunctional ©, 
and a, adrenergic receptors, respectively,'** whereas NO 
inhibits release of norepinephrine from adrenergic 
nerves,” and it may modulate the release of acetylcholine 
from the neuromuscular junction in urethral skeletal mus- 
cle.” Neuropeptide Y (NPY) has an inhibitory effect on 
the adrenergic component of electrically induced contrac- 
tions in the urethra.!%” 


Conclusion 


The physiology of smooth muscles of the detrusor and ure- 
thra is complex and must be viewed in the context of the 
integrative function of the entire lower urinary tract and 
the functional requirements to achieve storage, voiding, 
and voluntary control. There are several levels of control 
and integration, including the brainstem, sacral spinal 
cord, peripheral ganglia, and intramural mechanisms, with 
a substantial voluntary input. This makes the study of 
smooth muscle physiology fascinating, but intellectually 
demanding. We remain far from a complete understanding 
of how the substantial number of pieces of the jigsaw 
gathered so far fit together, though substantial progress 
has been made. 
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Physiology of the striated muscles 


John FB Morrison 


INTRODUCTION 


This chapter is concerned with the physiologic control of 
the external urethral sphincter, the pelvic floor muscles, 
and other striated muscles functionally associated with the 
pelvic diaphragm in the set of conditions described collec- 
tively as the ‘neurogenic bladder’ or ‘overactive bladder 
(OAB). Following spinal cord lesions, striated muscles gen- 
erally develop spasticity, for example following a cervical 
or thoracic spinal cord transection, and a corresponding 
increase in tone is seen in the striated muscle of the exter- 
nal urethral sphincter and pelvic floor. Alternatively, mus- 
cle tone can be flaccid, if there is a lower motoneurone 
lesion affecting the cauda equina. Partial and mixed lesions 
also occur and reflex activities can be modified in the 
remodeling of the neural networks that regulate these mus- 
cles, or by the denervation and reinnervation of neurones 
or skeletal muscle. The muscles themselves also respond to 
these changes in activity, and, for example, hypoplastic 
changes and replacement by fibrous tissue can also occur as 
a result of denervation. 

There have been a number of reviews and books on the 
subject'® during the last couple of decades, and recently 
there has been a substantial body of genetic and molecular 
data concerning the mechanisms that operate in muscles of 
different types, and the mechanisms that operate to main- 
tain the stability of the link between motoneurone and 
muscle at the nerve—muscle junction. The striated muscles 
of the lower urinary tract are specialized in function, and 
are subject to neural coordination that causes them to work 
together as a functional group. Within this overall concept 
there remain areas of muscle that are specialized for differ- 
ent tasks related to the visceral systems with which they are 
principally associated. Examples include the pubo-rectalis 
or the fibers of levator ani that loop behind the urethra, and 
there are also differences between the mechanisms control- 
ing the urethral sphincter, the associated paraurethral mus- 
cles, and the muscle fibers that compose the bulk of levator 
ani. These differences extend to the histologic and bio- 
chemical properties of the muscle fibers, the pattern and 


source of innervation, the reflex behavior, and the role in 
voluntary control of the lower urinary tract. 


NORMAL STRUCTURE AND 
FUNCTION 


Morphology of the 
striated muscle of the lower 
urinary tract 


Gross anatomy 


Striated muscle occurs in the pelvic floor and within the 
urethra, and both of these contribute to continence mecha- 
nisms; smooth muscle as well as skeletal muscle occurs 
within the urethra, and the roles of these are sometimes dif- 
ficult to separate. In-vivo recordings of intraurethral pres- 
sure have been made following blockade of the nicotinic 
receptors in various mammals,'*""* and all suggest that the 
somatic innervation of the striated muscle of this region 
plays a part in generating the resting urethral pressure. 


Striated muscle of the 
rhabdosphincter 


The external urethral sphincter consists of circular striated 
muscle concentrated over about 40% of the length of the 
urethra (from 20 to 60% of its length in humans). In the 
rat, the distribution of striated muscle in the urethra is 
similar, but there is also a mass of muscle that forms an 
arch at the perineal membrane that can compress the 
urethra from above in the lower third.” 

Various recent studies have focused on the mechanisms 
that operate in the human and animal rhabdosphincter.'*° 
In the human female the striated muscle is said to form 
an outer sleeve (the external urethral sphincter or 
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Figure 5.1 

Striated urogenital sphincter muscle showing its urethral 
sphincter (US), compressor urethrae (CU), and urethrovaginal 
sphincter (UVS). Also shown, B, bladder; IR, ischiopubic ramus; 
SM, smooth muscle; TV transverse vaginal muscle; U, urethra; 
V, vagina; VW, vaginal wall.*® 


rhabdosphincter), and this surrounds the inner smooth 
muscle (Figure 5.1). This female rhabdosphincter is sepa- 
rate from the muscle of the anterior pelvic floor. The fibers 
are oriented in a circular direction and are thickest in the 
middle third of the urethra, but the posterior segment, adja- 
cent to the vaginal wall, is thinner than elsewhere. These 
striated muscle cells are smaller than in the pelvic floor and 
exert tone upon the urethral lumen for long periods of 
time, and this muscle also aids closure. In the human male, 
the striated muscle also encircles the urethra, and unlike the 
female these small fibers merge with larger diameter fibers 
of adjacent muscles. One possibility is that these larger 
fibers are a proximal extension of striated muscle from the 
bulb of the penis. Other views relate to observations on the 
striated muscle of the prostatic capsule, where fast and slow 
fibers are present.’ In tissues taken from transplant donors 
it was found that the male rhabdosphincter consists of 35% 
fast and 65% slow fibers, while in the female only 13% of 
fibers are fast-twitch fibers (see later). 

It has previously been speculated that a morphologic 
abnormality in this sphincter might be found in some 


women who present with urinary retention. It was hypoth- 
esized that these women have urethral sphincter overactiv- 
ity and work hyperplasia of urethral rhabdosphincter 
fibers. However, in a recent investigation it was shown by 
electron microscopy that excessive peripheral sarcoplasm 
with lipid and glycogen deposition occurred in these cells 
together with sarcoplasmic accumulation of normal mito- 
chondria, which were absent from the control.”! Clearly 
other cellular pathology is present in these patients. 


Levator ani 


The levator ani is a sling of muscle in the shape of a thin 
broad sheet attached to the pubis anteriorly and laterally as 
far as the ischial spine; anteriorly the muscle is absent in 
the midline and a fat-filled space lies immediately behind 
the pubic symphysis.” In the human male a few fibers 
attach to the perineal body behind the prostate to form the 
levator prostatae. In the female these fibers attach to the 
lateral vaginal wall to form the pubo-vaginalis or sphincter 
vaginae. Other fibers attach to the anorectal flexure and 
fuse with the deep part of the external anal sphincter to 
form pubo-rectalis; other components are called pubococ- 
cygeus and iliococcygeus, which tend to merge into one. 
Levator ani plays an important role in maintaining the 
position of the pelvic viscera. On contraction of the pelvic 
floor, the anterior movement of the vagina produces some 
compressive action on the urethra against the pubis near 
the location of the urethral sphincter, reinforcing its action, 
e.g. during coughing.® 

In the human female, the paraurethral tissues are joined 
with muscle fibers of the most medial portion of the leva- 
tor ani in the region of the proximal urethra. At this site, 
the medial fibers of levator ani insert into the vaginal wall 
and provide an arching mechanism that can constrict the 
urethra.” It has also been suggested that the medial fibers 
of the levator ani muscle have a specific role in controling 
vesical neck position and in urinary continence mecha- 
nisms.” The role of the levator ani appears to be to support 
the proximal urethra and to pull the bladder neck in an 
anterior direction, such that the lumen is constricted 
between arching fibers and connective tissue of the levator 
ani and a connective tissue band (endopelvic fascia) ante- 
riorly. When the levator ani relaxes, the bladder neck can 
descend, and the lumen can open because the external 
compression is reduced; at this stage support is provided by 
the connective tissue of the arcus tendineus fasciae.”° 
Acute spinal anesthesia has been used to block nerve 
impulses to the pelvic floor and its effect is to disrupt the 
active muscular mechanism that supports the bladder neck 
in healthy continent women.” A significant loss of support 
was demonstrable during spinal anesthesia, indicating that 
activity originating in the spinal cord and pelvic floor 
muscles was a major factor responsible for support of the 
bladder neck. 
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A recent gross anatomic study of the human female 
levator ani suggests that the innervation of this muscle is 
separate from the pudendal nerve; the levator ani nerve in 
humans runs along the superior surface of the pelvic floor 
and is innervated by S3-5.’”? Animal studies using 
neuroanatomic tracing techniques confirm that, in the rat, 
the origin of the levator ani nerve differs from that of 
the pudendal nerve within the spinal cord.” 


The distribution and 
properties of different types 
of striated muscle fibers 


Functional properties of fast and 
slow muscle 


Striated muscle fibers can be divided into different types 
depending on their speed of contraction and their suscep- 
tibility to fatigue. Ranvier’s classic observations’? on 
slowly-contracting ‘red’ and fast-contracting ‘white’ muscle 
indicated that there were at least two types of striated mus- 
cle fibers, and studies of the mechanical properties indi- 
cated human muscles contain slow twitch and fast twitch 
fibers (Figure 5.2) which take about 100 ms and 30 ms to 
reach the peak of their contractions, respectively. The fast 
units often develop much larger forces, and those that pro- 
duce the greatest force are fatiguable (the force generated 
declines on repetitive stimulation); this is the basis of the 
subdivision of the fast fibers into two subgroups: fatiguable 
and fatigue resistant. In contrast, the slow units tend to 
produce smaller forces, and are resistant to fatigue. The 
proportions of these vary between different muscles.*! 

The fast fibers are innervated by larger alpha moto- 
neurones while the slow fibers are innervated by alpha- 
motoneurones of smaller diameter and lower conduction 
velocity. The latter are generally tonically active, whereas 
the former are only activated in a phasic or transient man- 
ner; this is known as the ‘size principle’??? One consequence 
of the size principle is that the smaller, type I, slow fibers 
are tonically active and the tonic activity is a result of the 
regular firing of action potentials along the motoneurones: 
thus the tonic activity of the striated muscle of the urethral 
sphincter is generated within the spinal cord and depen- 
dent upon the temporal pattern of impulses in different 
pudendal motoneurones. It is only relatively recently that 
the relationship between function and histochemical 
properties has been intensively investigated. 


Histochemistry 


The dominance of oxidative enzymes, such as succinate 
dehydrogenase, in slow twitch (type I) fibers and the lack 


Figure 5.2 

Sections from the proximal third of the human male urethra 

(a) and the female membranous urethra (b) stained for ATPase 

at pH 4.3, in which the slow-twitch fibers appear darkly stained. 
Note that most of the female striated muscle is slow twitch, 
whereas a significant proportion of the male fibers are fast twitch.° 


of these in fast fatiguable (type II) fibers is an important 
histochemical correlate. In the human urethral sphincter, 
the presence of small diameter fibers containing oxidative 
enzymes suggests that these are slow fibers, which are 
adapted to produce a steady tension. There is some evi- 
dence that there may also be a few larger fibers that have 
less ATPase reactivity, and these may be involved less with 
tonic activity and more with squeezing the urethra at times 
of transient stresses, such as during coughing. The blood 
supply of the slow (fibers type I) is rich, whereas the capil- 
lary supply in fast fibers is less so. This correlation may be 
due to the production and release of angiogenic factors — 
factors that cause the growth of blood vessels — and this 
will be discussed briefly below. The development of slow 
and fast contractile properties in striated muscle fibers may 
be related to the levels of certain transcription factors that 
are involved in myogenesis. One such factor is MyoD; the 
mRNA levels of this factor differ between slow and fast 
muscle, and it is associated particularly with the nuclei of 
the fastest muscle fibers.” 
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The periurethral fibers of the levator ani contains both 
type I and larger, type II (fast twitch) fibers, which are 
more concerned with rapid motor responses such as vol- 
untary squeeze;** in contrast, the striated fibers of the 
external urethral sphincter consist mainly of type I (slow 
twitch) fibers, which are associated with the generation of 
tone. However, as stated previously, there are sex differ- 
ences and in the male rhabdosphincter approximately one- 
third of striated muscle fibers are fast fibers, while in the 
female only about one-eighth of fibers are fast twitch. Fast 
and slow muscle fibers differ in their content of oxidative 
enzymes, creatine kinase, and myoglobin, have different 
forms of myosin, differences in the expression of transcrip- 
tion factors, and differences in the distribution of nitric 
oxide synthase in the sarcolemma. The following sections 
contain some details on these differences. 


Creatine kinase Fast and slow muscle contractions are 
both dependent on ATP availability, and the enzyme 
creatine kinase, which is normally responsible for energy 
storage and catalyzes the exchange of high-energy 
phosphate between creatine phosphate and ATP, is present 
in highest concentration in the fast fibers. Dahlstedt et al’ 
used a mutant animal that was deficient in creatine kinase 
and showed that the fast fibers fatigued more quickly and 
this may be related to changes in phosphate concentration 
on cross-bridge function and the handling of ionized 
calcium by the sarcoplasmic reticulum. A reduction in 
maximum tetanic force production has also been observed 
in CK-deficient animals.*° 


Myoglobin An oxygen storage protein, myoglobin occurs 
in striated muscle fibers, and is present in higher 
concentrations in the type I slow muscles of the sort that 
predominate in the urethral sphincter.” Myoglobin is 
present in oxidative skeletal muscle fibers and facilitates 
oxygen delivery during periods of high metabolic demand. 
Its role in muscle performance has been studied in animals 
that are genetically deficient in myoglobin. Myoglobin- 
deficient mice have striated muscle fibers that have 
adapted to the deficiency by converting type I to type II in 
the soleus muscle as well as other changes, including the 
expression of angiogenic and endothelial growth factors, 
which may account for the preserved exercise capacity of 
these models.’ 


Myosin Biochemical analysis of the myosin chains in 
different muscles has indicated that the muscle of the 
rabbit external urethral sphincter has a type of myosin 
more closely associated with fast red muscles than slow 
white ones.*”** Biochemical analysis of the human external 
urethral sphincter suggested that there is a degree of 
diversity in the proportions of fast and slow myosin 
molecules in different specimens, and this is not related to 
age.**° In rabbits, fast type myosin exceeded slow type in 


amount. The ratio of fast to slow myosins in the female 
was different from that in the male external urethral 
sphincter, and there appears to be a selective decrease in 
the volume of type 2 (fast) muscle fibers and/or conversion 
of type 2 to type 1 (slow) muscle fibers with age and 
multiparity.°° In male rabbits, the urethral striated 
muscle appeared to have mainly fast myosin but slow 
myosin occurred in higher amounts in the proximal region 
and tended to decrease toward the distal end of the 
urethra.“”*! As mentioned earlier, the presence of fast 
myosin may correlate with the existence of fast muscle 
extending downwards from the prostatic capsule. 


Nitric oxide synthase The essential enzyme in the 
formation of nitric oxide, nitric oxide synthase, is a 
mediator in smooth muscle and the nervous system. 
However, it has been found recently that nitric oxide 
synthase, which generates the neuromodulator nitric oxide, 
is present in the sarcolemma of urethral striated muscle 
fibers." Generally speaking, it is found in fast fibers, but 
there are reports of it also in the larger, slow twitch fibers in 
the human membranous urethra. In somatic muscles, the 
presence of nitric oxide synthase in some sarcolemmal 
membranes appears to be associated with the syntrophin 
group of proteins that contain multiple protein interaction 
motifs, and are associated closely with dystrophin. Alpha- 
syntrophin also has an important role in synapse formation 
and in the organization of utrophin, the acetylcholine 
receptor, and acetylcholinesterase at the neuromuscular 
synapse.*? Recent studies suggest that there may be a 
significant role for nitric oxide in the striated muscle of the 
urethral sphincter. 11544 


Relationship between muscle 
contractile properties and 
innervation 


Fast fibers are innervated by faster-conducting alpha- 
motoneurones, and the slow twitch fibers are innervated 
by the slower alpha-motoneurones. The fast fatiguable 
fibers also have larger diameters than the fast, fatigue- 
resistant fibers, which, in turn, are larger than the slow 
fibers. The nature of the motor innervation of muscle 
appears to play an important role in determining the con- 
tractile properties of the muscle fibers they innervate. 
Buller et al“ transected the nerves to the fast flexor digito- 
rum longus and the slow soleus, and reconnected them so 
that the motoneurones that originally innervated one of 
these now grew back to reinnervate the other. Their find- 
ings were that fast muscle becomes slower and slow mus- 
cle becomes faster after cross-innervation. These results 
have been confirmed by others; however, it is suggested 
that only about 50% of the cross-reinnervated fibers 
undergo a change in histochemical type. 
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The results above indicate that there is a gradation in the 
properties of striated muscles in the pelvic floor and asso- 
ciated structures, and structures that are specialized for 
production of tone usually contain a majority of slow 
twitch fibers. These smaller diameter muscle fibers are 
innervated by smaller diameter alpha-motoneurones, 
which also conduct more slowly than those that innervate 
the fast striated muscle fibers. However, there is increasing 
evidence of a spectrum of properties, which is not surpris- 
ing given that the striated muscle of the lower urinary tract 
must maintain tone, but also respond to transient needs, 
such as during coughing. 


Development of the striated 
muscle of the urethral 
sphincter and its innervation 


In humans, the urethral sphincter first develops as a con- 
densation of mesenchyme around the urethra after the 
division of the cloaca, and pubo-rectalis appears soon after, 
following the opening of the anal membrane. Striated 
muscle fibers can be clearly differentiated at 15 weeks.*° At 
this time, the smooth muscle layer also becomes thicker at 
the level of the bladder neck and forms the inner part of 
the urethral musculature. The urethral sphincter is a func- 
tional unit composed of central smooth muscle fibers and 
peripheral striated muscle fibers, which develops mainly in 
the anterior wall of the urethra. It appears to have an 
omega-shaped configuration that is recognizable after 10 
weeks of gestation in both sexes.*” The rectovesical septum 
was found to be well developed in neonates, and studies of 
various markers suggested that this membrane was 
unlikely to lead to apoptosis of muscle cells in the posterior 
part of the external sphincter in males after birth. These 
authors also concluded that the function of the muscle may 
change during development because of neuronal matura- 
tion. Oelrich* described the male urethral sphincter as a 
striated muscle in contact with the urethra from the base of 
the bladder to the perineal membrane. This muscle devel- 
ops before the prostate, which develops as a growth from 
the urethra through the striated muscle sphincter. The 
muscle fibers of the urethral sphincter are 25-30% smaller 
than those in adjacent muscles. 

Borirakchanyavat et al* studied the sequential expres- 
sion of smooth and striated muscle proteins in the intrin- 
sic urethral sphincter, where smooth and striated muscle 
are in adjacent positions, in embryos of 14, 16, and 18 days’ 
gestation, neonates on postnatal day 1, and in adult rats. 
Sections of the urethra and adjacent levator ani muscles 
were studied histologically with hematoxylin and eosin, 
anti-alpha-smooth muscle actin, anti-alpha-sarcomeric 
actin, and anti-striated muscle myosin heavy chain anti- 
bodies. Striated muscle myosin heavy chain protein was 


absent in the urethral sphincter of the embryo and 
neonate, and was expressed only in the mature myotubule 
of adults. Alpha-smooth muscle actin was expressed 
throughout the urethral sphincter of embryonic and 
neonatal animals. In adults, alpha-smooth muscle actin 
was confined to the smooth muscle component of the ure- 
thra. Coexpression of alpha-smooth and alpha-sarcomeric 
muscle actin by the striated sphincter myotubule was noted 
only in neonates. These authors concluded that the devel- 
opment of the intrinsic urethral sphincter is characterized 
by sequential expression of well characterized muscle 
marker proteins. Given the coexpression of smooth and stri- 
ated muscle markers by developing sphincter myotubule, 
the authors were tempted to suggest the possibility that 
transdifferentiation of smooth to striated muscle occurs in 
the developing genitourinary tract. 

Many of the details of these processes have been worked 
out on animal models, but a paper has been published in 
which the expression of a protein (p27kip1) has been stud- 
ied in the muscle fibers of levator ani muscle from aging 
women and has been related to cell differentiation and 
degeneration in aging.” This protein shows changing 
expression in differentiating skeletal muscle cells during 
development, and relatively high levels of p27 RNA were 
detected in the normal human skeletal muscles. These 
authors indicated that pelvic floor disorders are associated 
with an appearance of moderate cytoplasmic p27 expres- 
sion in perimenopausal patients, and are accompanied by 
hypertrophy and transition of type II into type I fibers. 
Elderly patients show shrinking and fragmentation of mus- 
cle fibers associated with strong cytoplasmic p27 expression 
relative to a control group of premenopausal patients. 


Innervation of the pelvic floor 
musculature 


During the course of development, each muscle fiber is 
normally innervated by more than one motoneurone, and 
these are progressively withdrawn so that in the adult each 
muscle fiber is innervated by only one alpha-motoneurone. 
The process of synapse elimination in rats appears to be 
dependent on the removal of factors that tend to favor 
polyneuronal innervation, including basic fibroblast 
growth factor and ciliary neurotrophic factor.” Some of 
these factors are considered in more detail in the section on 
the cell biology of muscle. In the child and the adult 
human the following details apply. 


Peripheral motor nerves 


The peripheral innervation of the striated muscle has been 
described in a number of reviews,**” and there has been 
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recent interest in the innervation of the striated muscle by 
nitrergic axons.'*4 Onuf’s nucleus is a group of cell bodies 
of motoneurones that innervate the striated muscle of the 
anal, urethral, and vaginal sphincters, the pelvic floor, and 
bulbocavernosus, and is situated in the ventral horn of the 
sacral cord. While the striated muscle of the external 
urethral sphincter appears to be innervated mainly by the 
pudendal nerve, there is also evidence of a minor innerva- 
tion that reaches the muscle via a pathway traversing the 
pelvis or using the pelvic nerve.’ This appears to be the 
case in the rat, dog, and human, although some authors 
believe that the pelvic pathway is absent in the dog.” The 
innervation of the skeletal muscle of the distal urethra 
appears to be essentially unilateral," as is the innervation 
of the pelvic floor.” Some of the innervation of the ure- 
thral sphincter, probably sensory in nature, arises from 
branches of the dorsal nerve of the penis.** The role of the 
pudendal innervation of the striated muscles in generating 
resistance has been studied and the conclusion made that 
the pudendal nerve was of major importance in maintain- 
ing urethral resistance in healthy human females;*° the 
influence of vaginal delivery on the pudendal nerve has 
long been recognized, and several recent studies exist con- 
cerning this mechanism.°”°* However, there are some rat 
studies that suggest that the pudendal nerve can also play a 
role in urethral relaxation.” It has been generally assumed 
that the innervation of striated muscle in this region is akin 
to that found in other parts of the somatic musculature. 
However, studies suggest that the innervation of levator ani 
originates outside Onuf’s nucleus, and more work is 
needed to understand fully the complex innervation of this 
region, ”™?7-23:60,61 

Pudendal motoneurones are smaller in diameter than 
many somatic neurones, in keeping with the size of the 
muscle fibers they innervate, and they also have a sponta- 
neous repetitive discharge. This tonic activity gives rise to 
the periurethral skeletal muscle tone and about one-third 
of the intraurethral pressure at rest is attributable to the 
tonic activity in the motoneurones that innervate these 
striated muscles. Not only are these motoneurones 
smaller in size, their conduction velocities are also less,°? 
and there are few synaptic contacts on their surface, 
which possibly reflects the lack of muscle spindle afferents 
in urethral muscle, and the lack of Ia afferent input to 
these motoneurones.® There were relatively few mono- 
synaptic inputs from primary afferents in sphincteric 
motoneurones.*® In addition, Renshaw cell inhibition 
and crossed disynaptic inhibition are absent.*>*” Morpho- 
logic and functional studies have provided greater insight 
into the mechanism whereby these cells are activated, and 
there has been considerable interest in the role of 5-HT in 
their control.°*-7! 

In humans the tonic activity of the pudendal nerves has 
been studied by infiltration of local nerve block,” during 
which the rate of urine flow during voluntary micturition 


Figure 5.3 

Recording of the EMG of the urethral striated muscle in a normal 
woman during the filling phase of the micturition cycle. The 
recording was made with a concentric needle electrode. The 
electrode is picking up signals from at least four different motor 
units, distinguishable by the amplitude of the spikes. A large 
increase in the number of units firing is seen during maneuvers 
that increase intra-abdominal pressure.” 


fell to about 50% of the control values. Pudendal nerve 
degeneration during childbirth has been offered as a reason 
for denervation of both the anal and the urethral sphincter 
in women.’*”° In contrast, electromyographic (EMG) 
studies on the urethral sphincter have shown that in some 
women who experience urinary retention there is an 
altered activity of the EUS, which was described as bizarre 
repetitive discharges (Figure 5.3).”>-”” 


Reflex control 


One of the unique features of the pelvic floor muscles is 
that they react to afferent stimuli originating from the skin 
and muscle of the lower limbs as well as to the state of dis- 
tention of the bladder and colon: if the bladder is relaxed 
and filling slowly, then one particular response may occur; 
however, if the bladder is full and contracting, the behavior 
of the pelvic floor may be completely different. Reflex con- 
trol has been considered previously,*””*” and the follow- 
ing is a short summary of the conclusions. 


Somatic reflexes 


Cutaneous stimulation of sacral dermatomes is particu- 
larly effective in modulating the activity of the pelvic floor 
and external urinary sphincter. Light touch of the perineal 
area is known to cause reflex contraction of the pelvic floor 
muscles and external anal sphincter, and has been used as a 
clinical test of segmental nerves to this region. Mechanical 
stimulation of the urethra in both sexes elicits a complex 
urethrogenital reflex which includes activation of all of the 
perineal muscles and clonic activity in some. These reflexes 
show a coordinated pattern of reflex activity involving 
the somatic, sympathetic, and parasympathetic systems 
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innervating reproductive organs, dependent on a central 
motor pattern generator within the spinal cord.°°*! Painful 
stimuli in the perineal skin induce a marked increase in 
EMG activity in periurethral striated muscle; cooling the 
perineal skin caused a smaller excitation.®° 

Contraction or relaxation of the pelvic floor can also 
occur in response to proprioceptive stimuli that arise dur- 
ing movement or postural change. Convergence of such 
afferent inputs from different sources on the activity of 
pelvic floor and sphincteric muscles is the potential role of 
afferent impulses from muscles or joints as an adjunct in 
bladder training and pelvic floor exercises. A variety of 
maneuvers can cause changes in pelvic floor/sphincteric 
tone, including attempts to relax and contract the pelvic 
floor, the Valsalva maneuver, coughing, hip adduction, 
gluteal contraction, backward tilting of the pelvis, and sit- 
ups. During hip adduction and gluteal muscle contrac- 
tion, the urethra contracts concomitantly with the pelvic 
floor muscles, but not during contraction of the abdomi- 
nal muscles. 


Viscerosomatic reflexes 


A guarding reflex that maintains continence by causing 
urethral sphincter contraction during flow has been 
described.** However, when urethral flow is associated with 
a bladder contraction, this guarding reflex is overpowered 
by another reflex that promotes voiding, when relaxation 
of the sphincter accompanies a rise in bladder pressure or 
a micturition contraction.” 

Passive increments in intravesical pressure in spinal rats 
have been found to elicit contractile activity in the middle 
region of the urethra mediated by pelvic nerve afferents 
and sympathetic and somatic nerve efferents.°?** It is 
thought that these reflexes may significantly contribute to 
the maintenance of continence, for example in patients 
with stress incontinence. 

Micturition has a major inhibitory influence on the 
pelvic floor activity in humans. Relaxation of the external 
anal sphincter occurs at the start of the rise in bladder pres- 
sure, and precedes the start of urine flow;* it is thought to 
occur concomitantly with the relaxation of the pelvic floor 
that allows descent of the bladder. The inhibition extends 
not only to a depression of tonic activity at rest, but causes 
a reduction in the excitability of pudendal motoneurones 
involved in reflex functions.*” In animal models, colonic 
distention and stimulation of anal afferents also suppress 
periurethral muscle EMG activity. 588-0 

However, this simple explanation becomes more com- 
plicated by studies of the periurethral muscle EMG using 
fine-wire electrodes directly inserted into the region of the 
urethral sphincter in anesthetized animals. In some animal 
models, for example the rat, bladder contractions were 
accompanied by an alternating oscillatory pattern of 


on-off bursting in EMG activity during the period when 
the bladder pressure was rising most rapidly. These periods 
of oscillatory firing in the periurethral EMG during the 
rising phase of micturition contraction were never seen in 
spinal animals, and some authors believe that they are 
generated by supraspinal mechanisms.’ Recent work on 
the guinea pig has suggested that this model is closer to 
the human, and several recent papers have focused on 
the striated muscle of the urethra in this species and its 
mechanisms of control, 191468702 


Role of central pathways in 
the control of the pelvic floor 
musculature 


Anatomy 
Spinal cord 


The spinal innervation of the striated muscle and the cen- 
tral spinal origins of these have already been described; 
there are also several recent reviews.®??4 


Brainstem and hypothalamus 


The central nervous control over the pelvic floor muscles 
and associated sphincters depends on important descend- 
ing pathways from regions of the brainstem (particularly 
the pons and medulla) and the hypothalamus. The dorso- 
lateral pons contains two regions, one of which excites, 
and the other inhibits tonic activity in the pelvic floor 
muscles. These regions are close to Barrington’s micturi- 
tion center of the cat and the dorsolateral pontine tegmen- 
tum of the rat.” These projections are fairly specific in 
that they target pudendal motoneurones innervating the 
urethral sphincter, but not those supplying the anal 
sphincter. In animals, descending pathways from the pon- 
tine micturition center appear to be involved directly in 
inhibiting the pudendal motoneurones in Onuf’s nucleus 
(Figure 5.4) while those from the L-region facilitate and 
excite the sphincteric motoneurones. Interneurones that 
utilize y-amino butyric acid (GABA) appear to be respon- 
sible for the reciprocal inhibition of the sphincteric 
motoneurones during micturition mediated within the 
sacral cord®®10%101 (see Figure 4.6). 

The paraventricular nuclei of the hypothalamus (which 
contain oxytocin), and nuclei in the brainstem, including 
the ipsilateral caudal pontine lateral reticular formation, 
and the contralateral caudal nucleus retroambiguus also 
project to the pudendal motoneurones in Onuf’s nucleus?’ 
via the ipsilateral anterior and contralateral white matter in 
the spinal cord. 
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Diagram of documented neuroanatomic connections of the primary and secondary components of storage and micturition 
reflexes. The connections of the primary components of the storage reflexes are shown in red, whereas the connections of 

the primary components of the micturition reflexes are shown in gold. The connections of the secondary (or modulatory) 
components of the reflexes are shown in white. Abbreviations: All, All group of dopaminergic neurons; A5, A5 group of 
noradrenergic neurons; KF, Kollicke—Fuse nucleus; LC, locus coeruleus; MPFC, medial prefrontal cortex; MPO, medial 

preoptic nucleus of the hypothalamus; NRA, nucleus retroambiguus; NRM, nucleus raphe magnus; NRO, nucleus raphe obscuris; 
NRP, nucleus raphe pallidus; ON, Onuf’s nucleus; PAG, periaqueductal gray; PMC, pontine micturition center; PVN, paraventricular 
nucleus; PVT, periventricular thalamic nucleus; SPN, sacral parasympathetic nucleus; SYM IML, sympathetic intermediolateral 


nucleus.” 


The medullary raphe nuclei and nucleus gigantocellu- 
laris reticularis also have a predominantly inhibitory action 
on bladder motility and sphincteric reflexes.!”10* We now 
have results from positron emission tomography (PET) 
studies and transcortical stimulation that indicate that in 
humans there are mechanisms that correlate well with 
what was found in previous animal studies. 

The nucleus retroambiguus, located in the caudal 
ventrolateral medulla, contains motoneurons involved in 
respiration and control of abdominal musculature. In 


addition, this nucleus has a prominent projection to 
Onuf’s nucleus.”*'® It has been speculated that this pro- 
jection activates sphincter motoneurones coincident with 
activation of the abdominal muscles during forceful 
expiration such as coughing, laughing, and sneezing. 

Dopaminergic contributions to the control of the ure- 
thral sphincter have recently been examined,’ and this 
group concluded that activation of D2-like dopamine 
receptors at a supraspinal site can suppress activity of the 
striated muscle urethral sphincter. 


Physiology of the striated muscles 67 


Studies on the human CNS 
during micturition 
Spinal cord 


The advent of magnetic and electrical stimulators has 
changed our ability to study the spinal mechanisms of con- 
trol in the urethral sphincter.**!°"""' There have also been 
recent advances in therapy using drugs that interfere with 
serotonin or noradrenaline metabolism and handling that 
show promise in some conditions and which act within the 
spinal cord,!!7!8 


Brainstem 


Several PET studies have provided evidence that the 
brainstem is involved in the control of micturition and 
the external sphincters: men and women were studied 
during micturition and showed an increased blood flow 
in the dorsal part of the pons close to the fourth ventricle, 
an area analogous to the pontine micturition center in the 
cat (Figure 5.5).2°%'!4115 A second group of volunteers 
was asked to micturate during scanning, but were unable 
to do so. These individuals showed no activation in 
the dorsal, but did have an area of high blood flow in 
the ventral pons, similar to the location of the L-region — 
the pontine storage center in cats. It would appear that 
these subjects contracted their urethral sphincters and 
withheld their urine, although they had a full bladder and 
tried to urinate. There is therefore a reasonable correla- 
tion between the information in cats and humans con- 
cerning the brainstem regulation of voiding and urine 
storage (Figure 5.6).''° 


Cortex and hypothalamus: the 
voluntary control of micturition 
PET scanning studies in humans have shown that two 


cortical areas, the cingulate gyrus and the prefrontal cor- 
tex, and the hypothalamus, including the preoptic area, 


Figure 5.5 

PET scan of brainstem with increased activity in 
vicinity of pontine micturition center (pmc) 
during voiding. Alternatively, increased activity in 
L-region association with holding of urine.° 
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Figure 5.6 

Coordination of voiding with external urethral sphincter. 
Descending glutamatergic input to sacral spinal cord excites 
bladder neurons in sacral parasympathetic neurons. 
Simultaneous activation of GABA neurons inhibits sphincter 
neurons in Onuf’s nucleus. Conversely, during attempts at urine 
storage activation of GABA neurons provides input to bladder 
neurons while providing excitatory input to sphincter neurons.> 
Cerebellar Peduncle, PC; S1, first sacral spinal segment. 
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are activated during micturition.'!*'!” Cerebral blood 
flow in the cingulate gyrus was significantly decreased 
during voluntary withholding of urine and during the 
urge to void. The prefrontal cortex is active when mic- 
turition takes place and during involuntary urine with- 
holding. Possibly, activation of the prefrontal cortex and 
the anterior cingulate gyrus do not reflect specific 
involvement in micturition, but more in general mecha- 
nisms, such as attention and response selection. The pre- 
frontal cortex plays a role in making the decision whether 
or not micturition should take place at that particular 
time and place. Forebrain lesions including the anterior 
cingulate gyrus are known to cause urge incontinence.'!® 
The cingulate gyrus influences strongly descending path- 
ways involved in the facilitation of motoneurons and 
interneurons. 

Another PET study on adult female volunteers identified 
brain structures involved in the voluntary motor control of 
the pelvic floor. Concomitant activations of the cerebel- 
lum, supplementary motor cortex, and thalamus were also 
commonly present, and the anterior cingulate gyrus was 
also activated during sustained pelvic floor straining. A 
recent fMRI study also concluded that the inhibitory con- 
trol of the micturition reflex requires activity of many 
structures including the basal ganglia, parietal cortex, lim- 
bic system, and cerebellum.'!? There is a also recent review 
of this area.” 

In humans, electrophysiologic studies by Hansen 
also support the view that cortical centers are involved in 
the descending control of pelvic floor muscles. He pro- 
vided evidence that the state of the bladder has a signifi- 
cant influence on sphincteric reflex function. Voluntary 
influences on the pelvic floor, anal sphincter, urethral 
sphincter and bulbocavernosus muscles of man were 
studied by transcranial cortical stimulation using either 
high voltages or short-duration magnetic pulses.!?°"!?? In 
contrast to the effects of a small stimulus to the cortex, 
which causes a short burst of activity in leg muscles, the 
responses of the anal and urethral sphincters were main- 
tained for 1-2 s, despite the short latency. Voluntary con- 
traction of the external anal sphincter could cause 
facilitation of the response to cortical stimulation in a 
number of other muscles, such as tibialis anterior. In 
humans it had been believed that pelvic floor muscles 
increase their activity during bladder filling. Hansen'”° 
also showed that the excitability of pudendal motoneu- 
rones could be altered by bladder filling: initially, when 
bladder volume is low, there appears to be some inhibi- 
tion of pudendal motoneurones, but when the bladder is 
full, the motoneurones are facilitated. This facilitation 
may have been voluntary, as a consequence of sensory 
information from the bladder. Changes in the excitability 
of pudendal motoneurones have been reported in 
humans and in cats.8”!°4!?3 In humans these techniques 
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have been used during spinal surgery in patients where 
bowel or bladder function is at risk; the most effective site 
of stimulation is C4/C3.124!° 


STRUCTURE AND FUNCTION 
FOLLOWING NEUROLOGIC 
LESIONS AND DURING 
DEVELOPMENT AND AGING 


Cell biology of striated muscle 
and the peripheral nerve- 
muscle junction 


The amount of specific knowledge on the striated muscle 
of the lower urinary tract is relatively sparse compared 
with that on other somatic muscles; however, there is a 
large and increasing body of information derived from 
somatic muscles that is relevant to the maintenance and 
regeneration/reinnervation of the muscles of the lower uri- 
nary tract. This information, if applied to the muscles of 
the lower urinary tract, will provide a tremendous impetus 
to investigate the potential of the new molecules that are 
being recognized as playing a part in some of the cellular 
responses associated with stress and strain in pelvic tissues. 
For example, we are now beginning to understand the 
molecular basis of the muscle response to stress and the 
replacement of muscle with fibrous tissue; similarly, we are 
beginning to understand the factors that operate when 
stretch of nerves results in partial muscle denervation, and, 
more importantly, the functional reinnervation of the tis- 
sues. The following section aims to highlight some of the 
mechanisms that operate in the maintenance of the 
mechanical properties of muscles and the nerves that 
innervate them, the nerve—muscle junction, the factors that 
are essential for new functional connections following 
stress and strain injuries, and the factors that operate dur- 
ing development. Some of the molecules and genes that 
regulate these processes will be considered individually and 
in greater detail towards the end of this section. 


Effects of denervation on 
striated muscle 


Denervation-induced atrophy is a common clinical obser- 
vation that is used in diagnosis of disorders of the lower 
motoneurone, and there should be no surprise that 
changes in various muscle proteins occur in this condition. 
For example, Boudriau et al'”° showed that the cytoskeletal 
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lattice in rat fast- and slow-twitch skeletal muscle atro- 
phied following denervation. However, the relative con- 
tents of dystrophin and desmin were reduced in the 
slow-twitch muscle (soleus), while significant increases 
were shown in the fast-twitch gastrocnemius muscle. In 
both muscles, a major increase in alpha-tubulin levels were 
observed, associated with a distinct rearrangement of the 
microtubule network toward a predominantly longitudinal 
alignment. It was concluded that fast-twitch muscles are 
relatively more resistant to denervation-induced atrophy 
and that the relative increase of the structural proteins in 
gastrocnemius may be related to this. 

Concomitant changes occur in the sarcoplasmic reticu- 
lum, where the activity of the calcium pump appears to be 
decreased in both fast- and slow-twitch muscles following 
denervation, and these changes were associated with pro- 
longation of twitch contraction times and slowed rates of 
tension development.'”” These results, however, contrast 
with some of the earlier findings'** that suggested that 
denervation resulted in decreases in calcium pump activity 
in fast-, but not slow-twitch muscle. Other calcium-binding 
proteins, such as calsequestrin and parvalbumin, were 
present in higher concentrations in fast-twitch muscles 
following denervation. Neuromuscular activity has a mod- 
ulatory effect, and the expression of parvalbumin is greatly 
enhanced by phasic, and drastically decreased by tonic, 
motor neuron activity. 


Effects of axotomy on 
motoneurones: reinnervation 
following axotomy 


Following axotomy, changes occur in the distal portion of 
the nerve (fragmentation of the axons and degeneration of 
the Schwann cells), in the morphology of the dendritic 
fields and in other parameters of the cell bodies within the 
spinal cord. As the cut neurone terminals begin to grow 
back toward the peripheral tissues, dramatic changes can 
be seen, including upregulation of ciliary neurotrophic fac- 
tor alpha (CNTF alpha) observed in denervated rat mus- 
cle!” and other neurotrophins as well as their receptors.!° 
These neurotrophins are produced endogenously by the 
lesioned nerve and are capable of significantly accelerating 
the regeneration of both sensory and motor axons after 
peripheral nerve damage. 

Schwann cells also play a role in guiding growing or 
regenerating nerve terminals back into paralyzed and par- 
tially denervated muscles. Trachtenberg and Thompson!?! 
found that application of a soluble neuregulin isoform, 
glial growth factor II (GGF2), to developing rat muscles 
alters the morphology of the Schwann cells at the 
motoneurone terminal, the nerve terminals themselves, 


and the postjunctional region of the muscle fibers. The 
Schwann cells put out processes and migrate away from the 
synapse, and the nerve terminals retract from acetylcholine 
receptor-rich synaptic sites, and their axons grow, in asso- 
ciation with Schwann cells, to the ends of the muscle. These 
axons make effective synapses only after withdrawal of the 
GGF2. 

Our understanding of the basic events underlying 
synapse formation, maintenance, and plasticity has pro- 
gressed considerably over the last few years, primarily 
because of the numerous studies that have focused on the 
nerve—muscle junction and the use of electrophysiologic, 
morphologic, pharmacologic, and recombinant DNA 
technology. We will consider two scenarios, first that 
occurring during development, and second, that pertinent 
to reinnervation following injury. 


Molecular factors involved in 
stability of synapses 


Synapse formation and maintenance at the somatic nerve— 
muscle junction depends upon the expression of a number 
of molecules, some of which are considered essential: 
agrin, muscle-specific kinase (MuSK) and rapsyn;!** and 
others, including the neuregulins and neurotrophins, that 
have important actions. These molecules work together to 
ensure the development of the complex arrangement seen 
in the adult skeletal nerve—muscle junction, and are also 
involved in the maintenance of these structures and the 
processes necessary for reinnervation and reinstatement of 
a functional synapse between motoneurones and skeletal 
muscle. 


Agrin 


Agrin was originally isolated from the basal lamina of the 
synaptic cleft, and has been found to be synthesized and 
secreted by motoneurons. It triggers formation of acetyl- 
choline receptor (AChR) clusters on cultured myotubes,!*? 
and when deficient, the postsynaptic AChR aggregates are 
markedly reduced in number, size, and density in muscles 
of agrin-deficient mutant mice. These results support the 
hypothesis that agrin is a critical organizer of postsynaptic 
differentiation.'** Animals deficient in this factor show 
abnormal intramuscular nerve branching and presynaptic 
differentiation. 

The same group'*’ found that differentiation of the 
postsynaptic membrane at the neuromuscular junction 
requires (a) agrin (derived from the presynaptic nerve), 
(b) MuSK, a component of the agrin receptor in muscle, 
and (c) rapsyn, a protein that interacts with AChRs. From 
a functional viewpoint, it appears that agrin, arising from 
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the motor nerve, works through MuSK in the 
postsynaptic membrane to determine a synaptogenic 
region within which synaptic differentiation occurs.'*° 
The process reinforces developing clusters of nicotinic 
receptors, but also seems to have effects on the neural 
growth cone so that it differentiates into a stable nerve 
terminal in contact with the muscle endplate region. 
There is also evidence that the specialized presynaptic 
mechanisms that enable release of neurotransmitter are 
also stabilized by this system.!*° 


Muscle-specific kinase (MuSK) 


During development, MuSK (and agrin) enable the clus- 
tering of nicotinic receptors in the postsynaptic mem- 
brane at the endplate, which occurs as a result of gene 
transcription in the muscle nuclei immediately below the 
endplate. Similar aggregations of acetylcholinesterase 
(AChE) also develop because of the complex actions of 
these molecules. 

The role of MuSK in adults appears to be a continua- 
tion of this process — it seems to stabilize the nerve—mus- 
cle junction, maintaining levels of the nicotinic receptor 
at the endplate as well as the functional integrity of the 
junction and inhibition of axonal growth and remodel- 
ing.'?”? Mutations of MuSK give rise to certain myesthenic 
syndromes. "8139 

AChE is associated with the basal lamina within the 
nerve—muscle junction, and its localization to this position 
appears to depend on complexes of AChE with a type of 
collagen (collagen Q) present in the basal lamina and with 
MuSK. This is further evidence that the MuSK complex 
may be involved in the regulation of synaptic gene expres- 
sion at the nerve—muscle junction. '4°'4! 


Rapsyn 


The role of rapsyn was studied by Bartlett et al,'*? who 
found that its absence resulted in pre- and postsynaptic 
defects, including failure to cluster AChRs. The mRNA 
level for ciliary neurotrophic factor (CNTF) was decreased 
in the rapsyn-deficient muscles compared with those 
of controls, although those for NGF, BDNF, NT-3, and 
TGF-beta, were not affected. These authors suggested 
that failure to form postsynaptic specializations in rapsyn- 
deficient mice caused an alteration in the CNTF cytokine 
signaling pathway within skeletal muscle, which may, in 
turn, account for the increased muscle—nerve branching 
and motoneuron survival seen in rapsyn-deficient mice. 
This conclusion is supported by the observations of 
English and Schwartz,*! who found that the postnatal elim- 
ination of polyneuronal innervation can be inhibited 
by basic fibroblast growth factor and ciliary neurotrophic 
factor. 


Neuregulins 


Neuregulins (NRGs) are a subfamily of molecules similar 
to endothelial growth factor and play a part in the devel- 
opment of Schwann cells and the formation of the nerve- 
muscle junction. They activate a Ras/MAP kinase signaling 
cascade, which ultimately induces nAChR epsilon-subunit 
gene expression in the subendplate nuclei.'** Neuregulin 
appears to act on the postsynaptic erbB family of receptor 
tyrosine kinases, and acts at synaptic sites.'**!“* Curare, 
which blocks nicotinic receptors, reduces synaptic neureg- 
ulin expression in a dose-dependent manner, yet has little 
effect on synaptic agrin or a muscle-derived heparan sul- 
fate proteoglycan. This modulation of postsynaptic struc- 
tures by alterations of synaptic activity and changes in the 
expression of synaptic regulatory factors is part of the 
mechanism by which nerves influence the function of 
muscle. A number of factors change as a result of such 
blockade of electrical activity, including an increase in the 
number and a decrease in the size of AChR aggregates, and 
reductions in brain-derived neurotrophic factor and NT-3, 
and these were thought to indicate the existence of a local, 
positive feedback loop between synaptic regulatory factors 
that translates activity into structural changes at neuro- 
muscular synapses.'*° This loop was targeted in some stud- 
ies in which the neuroregulin-1 gene was disrupted: 
knockouts showed peripheral neuronal projections defas- 
ciculated and displayed aberrant branching patterns within 
their targets. Motor nerve terminals were transiently asso- 
ciated with broad bands of postsynaptic AChR clusters. 
Initially, Schwann cell precursors accompanied peripheral 
projections, but later, Schwann cells were absent from 
axons in the periphery. Following the initial stages of 
synapse formation, sensory and motor nerves withdrew 
and degenerated. These studies suggest that NRG-1- 
mediated signaling is involved in the normal maintenance 
of synapses; however, the interactions are more complex, 
involving the motoneuron terminal, muscle, and the 
Schwann cells at the nerve—muscle junction. It appears that 
NRG-1 plays a central role in the normal maintenance of 
peripheral synapses, and ultimately in the survival of CRD- 
NRG-1-expressing neurons.'“° The role of neuregulin in 
the development and maintenance of the nerve—muscle 
junction has recently been questioned,'*” but there is 
increasing evidence for its involvement in signaling 
between axons and Schwann cells," and in the differenti- 
ation of muscle spindles.'”° 


Neurotrophins and other trophic 
factors 


Neurotrophins are a family of protein growth factors struc- 
turally related to the nerve growth factor (NGF) and 
include neurotrophin-1 (nerve growth factor; NGF), 
neurotrophin-2 (NT-2), neurotrophin-3 (NT-3), and 
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neurotrophin-4/5 (NT-4). Other growth factors include 
basic fibroblast growth factor (bFGF), brain-derived neu- 
rotrophic factor (BDNF), glial-derived neurotrophic factor 
(GNDF), and ciliary neurotrophic factor (CNTF). 

A variety of neurotrophins and growth factors are 
expressed in the skeletal muscle during the critical period 
of synapse formation.!*° The relationship between neu- 
rotrophins and the development of the nerve—muscle junc- 
tion during development is not completely worked out, but 
it is known that during fetal life the molecular nature of the 
nicotinic receptor differs from the adult: the gamma sub- 
unit of the AChR in the fetus is replaced by the epsilon sub- 
unit in the adult. It has been shown that this changeover in 
postsynaptic molecular organization could be interfered 
with by genetic manipulation that prevented the normal 
development of the receptor.'°' The result was that the 
structural development of the endplate was compromised 
and there was a severely reduced AChR density and a pro- 
found reorganization of AChR-associated components of 
the postsynaptic membrane and cytoskeleton. The devel- 
opment of the motor endplate appears to depend on the 
activity of muscle cell nuclei that are located in the vicinity 
of the postsynaptic membrane. NT-3 appears to be 
involved in this process.'°° Jasmin et al’ proposed that 
transcription processes in these nuclei are functionally dif- 
ferent to those of nuclei of the extrasynaptic sarcoplasm. 
Thus, renewal of proteins concerned with neuromuscular 
transmission in the postsynaptic membrane appears to 
occur via a mechanism involving the activation of genes in 
nuclei adjacent to the nerve—muscle junction using chemi- 
cal signals originating from motoneurons. Such interaction 
between presynaptic nerve terminals and the postsynaptic 
sarcoplasm indicates that the entire signal transduction 
pathway is compartmentalized at the level of the neuro- 
muscular junction. Such chemical signals are discussed 
later and include neuregulin and agrin, and there is evi- 
dence that these are involved during both development and 
recovery from injury. 

NT-4 and BDNF occur in motoneurons and muscle fibers, 
and the latter can release them during contractions. They 
both enhance synaptic transmission at neuromuscular junc- 
tions by activating tyrosine kinase receptor B (TrkB). Some of 
their actions are presynaptic — BDNF can increase the release 
of synaptic vesicles — and NT-4 can increase local levels of 
neuregulin or other nerve-derived modulators.'* Thus NT-4 
influences the development of presynaptic neuronal termi- 
nals, and such regulation is specific to the axonal branch that 
innervates that specific myocyte within the motor unit;™* a 
consequence of this is that neurotrophin-induced synaptic 
changes can be spatially restricted to the site of neurotrophin 
secretion and appear not to spread to neighboring synapses, 
ie. the part of the motor unit subjected to NT-4 is targeted 
individually, and the effects do not spread to other terminals 
of the motoneurone. CNTF is a member of the neurotrophin 
family that, amongst other things, regulates agrin-induced 


postsynaptic differentiation,!° induces axons and their nerve 


terminals to sprout within adult skeletal muscles,'*° has 
trophic actions on denervated skeletal muscle,” and is 
highly correlated with the reinnervation activity of Schwann 
cells.!°8 


Regeneration of striated 
muscle; satellite cells; fibrosis 


Regeneration and repair of skeletal 
muscle 


Skeletal muscle satellite cells are situated between the sar- 
colemma and the basement membrane and have the 
potential to develop into skeletal muscle. Normally they are 
quiescent and differ from skeletal muscle in that they have 
only one nucleus, and appear to be a reserve population of 
cells that can differentiate into skeletal muscle, particularly 
following muscle injury, when they proliferate exten- 
sively." Some of these dividing satellite cells can fuse with 
each other to form a multinucleate cell and produce 
myofibrils. It has been estimated that each human being 
has around 10” satellite cells and that these normally form 
a relatively static population, except in injury or disease, 
when they proliferate.'®'*' Satellite cells appear to 
undergo self-renewal such that they may participate in 
repeated episodes of injury-induced regeneration.!™!® 

These cells possess a number of molecular markers, such 
as Pax-7, that are used to monitor their activities. It seems 
likely that these cells do not form a homogeneous popula- 
tion and at least three varieties probably exist,’ one of 
which may have a hemopoietic origin. Other workers have 
also provided evidence for a progenitor cell coming from 
the bone marrow via the myeloid line.'*'®* IGF-1 has been 
identified as a mediator that enhances the recruitment of 
hemopoietic cells to sites of tissue damage. There is 
some doubt as to the quantitative aspects of this transfor- 
mation normally,'?! and some authors argue that the 
hemopoietic stem cells, while migrating to muscle tissue, 
do not take part in intrinsic myogenicity.'” It is possible 
that only a minority of satellite cells is responsible for adult 
muscle regeneration and that these stem cells survive the 
effects of aging to retain their intrinsic potential through- 
out life.” 

Different types of muscle fibers (types 1 and 2) in limb 
muscles appear to regenerate using intrinsically different 
precursor cells, and this may be relevant to the regenera- 
tion of the tonic muscle variety found in the rhabdo- 
sphincter.'”4 Several attempts have been made to provide 
damaged muscle tissue with stem cells. One study suggests 
that implantation of cellularized scaffolds is better than 
direct injection for delivering myogenic cells into regener- 
ating skeletal muscle. 175176 
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Molecular changes during 
denervation and reinnervation 


Following denervation of a muscle, nerve terminal with- 
drawal is accompanied by a loss of AChRs at corresponding 
postsynaptic sites during the process of synapse elimination 
in developing and in adult neuromuscular junctions. The 
dismantling of the postsynaptic specialization involves 
rapid dissolution of some structures and slower loss of 
others.'”” MuSK, normally restricted to the motor endplate, 
starts to appear outside the endplate region on the muscle 
fibers within a few days, and takes about two weeks to dis- 
appear from the endplate itself; the distribution of MuSK is 
precisely coordinated with that of the nicotinic recep- 
tors'”*'”? and other factors that influence the distribution 
are muscle activity, and agrin. After reimplantation of a 
nerve into the denervated rat soleus muscle, ectopic neuro- 
muscular junctions develop outside the junctional region, 
and neural-derived agrin is able to cause protein aggrega- 
tion in the early stages of new endplate formation, and also 
to initiate the distribution of organelles which appear as the 
apparatus reaches maturity.'*° 

Another feature of muscle that is affected by innervation 
and denervation is the arrangement of the costameres: 
normal innervated skeletal muscle fibers contain dys- 
trophin and beta-dystroglycan in an arrangement referred 
to as a costamere. These molecules are arranged in a trans- 
verse direction in a rib-like pattern with stripes over the Z 
and M lines, but the orientation of these molecules 
becomes longitudinal rather than transverse after denerva- 
tion. Electrical stimulation of denervated muscle causes 
these costameres to revert to the normal transverse orien- 
tation, and neural agrin also simulates this change.!*! 


Regeneration and repair in the 
urethral rhabdosphincter and 
levator ani 


The presence of satellite cells in the rhadsosphincter has 
been demonstrated, and their proliferation can be 
enhanced through both the endogenous and exogenous 
actions of hepatocyte growth factor (HGF) and insulin-like 
growth factor-1 (IGF-1) via extracellular signal—related 
kinase 1 and 2 (ERK1/2) and — akt murine thymoma viral 
oncogene homolog-—1 (Akt).!8 The question of whether 
the urethral rhabdosphincter can regenerate using satellite 
cells has been approached recently using the same mecha- 
nisms as occur in skeletal muscles. Satellite cells were 
shown to proliferate and form multinucleated myotubes in 
vitro, and this was associated with complete recovery of the 
striated urethral sphincter in vivo, as assessed by normal- 
ization of muscle strength and of myofiber number and 
diameter.!% Local injections of stem cells into the urethral 
rhabdosphincter were able to improve the pressure at 


which urine leakage occurred.'** The rhabdosphincter 
appears to change its proportion of different muscle fiber 
types with age,'®> and it has already been noted that these 
two fiber types appear to derive from different precursor 
cells,'”* but this specific question with respect to the 
urethral sphincter is unresolved at the present time. 

The rat levator ani muscle is susceptible to age, treat- 
ment with androgens, and to denervation.'**!** It has been 
found that the satellite cell pool is unaffected by aging, and 
does not respond mitotically following denervation. 
However, it appears to be susceptible to androgen treat- 
ment or withdrawal.'8%!°° 

The therapeutic implications of this knowledge and the 
possible origin of the sphincteric satellite cells are exciting, 
and several lines of activity in relation to sphincteric regen- 
eration have been followed.'?''” Implantation of extrinsic 
muscle precursor cells into the rhabdosphincter has been 
shown to result in selective incorporation into striated 
myofibers,'®' and can recapitulate a myogenic program 
when injected into an irreversibly injured sphincter. 
Furthermore, there is evidence that the maturation of these 
cells activates nerve regeneration and restores functional 
motor units.'°*!%4 A recent review, however, points to some 
of the difficulties of this new technology;!?* however, there 
remains hope that cell therapy may provide some thera- 
peutic benefit for the treatment of urinary incontinence in 
humans. 


Development of fibrosis in skeletal 
muscle 


The recovery of muscle function following injury is a chal- 
lenging problem if techniques are to be developed to 
improve striated muscle function when it is weakened by 
injury. Kasemkijwattana et al!?>!°° and Menetrey et al!” 
observed a massive muscle regeneration occurring in the 
first two weeks following injury that was subsequently fol- 
lowed by the development of muscle fibrosis. The possibil- 
ity of enhancement of muscle growth and regeneration, as 
well as the prevention of fibrotic development, was consid- 
ered, and three growth factors capable of enhancing 
myoblast proliferation and differentiation in vitro and of 
improving the healing of the injured muscle in vivo were 
identified. The three growth factors capable of improving 
muscle regeneration and improving muscle force in an 
injured muscle were bFGF, IGF, and NGF. The same group 
considered the use of gene transfer using an adenovirus to 
deliver an efficient and persistent expression of these 
growth factors to the injured muscle. These studies may 
indicate a new strategy to aid efficient muscle healing with 
complete functional recovery following muscle contusion 
and strain injury. 

The process of fibrosis may be associated with the activ- 
ities of another family of membrane proteins, the integrins, 
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which are responsible for the regulation of interactions 
between the myocytes and the extracellular matrix.’ 
Integrin betalD provides a strong link between the 
cytoskeleton and extracellular matrix, necessary to support 
mechanical tension during muscle contraction. It is 
expressed in the cell membranes of striated muscle tissues, 
and binds to both cytoskeletal and extracellular matrix 
proteins. 


Angiogenesis and capillary 
density 


IGF-1 also appears to be involved in the regulation of the 
size of myocytes and the capillary density." Muscle 
hypoplasia results from disruption of the IGF-1 gene and its 
effects are seen on cell proliferation, differentiation, and 
apoptosis during development; the concomitant reduction 
in capillary density may result from both direct and indirect 
influences on angiogenesis. It appears that the sympathetic 
innervation may influence angiogenesis through the release 
of the cotransmitter neuropeptide Y (NPY). NPY mediates 
neurogenic ischemic angiogenesis at physiologic concentra- 
tions by activating Y2/Y5 receptors and eNOS, in part due 
to the release of vascular endothelial growth factor 
(VEGF). A review indicates the range of mediators that 
may be involved in the formation of new blood vessels.” 


Reflex control of the striated 
muscle of the lower urinary 
tract following spinal injury 


It has been known for over 50 years that somatic events 
influence the bladder of paraplegic patients,” and recently 
there is increasing evidence for a role of viscero or somatic 
convergence in the control of the human pelvic floor. Such 
interactions are particularly true in patients with overac- 
tive bladders. Another feature of human paraplegia is that 
some patients develop automatic bladders and achieve 
some degree of sphincter inhibition during micturition, 
whereas others have a hypertonic sphincter and require 
regular catheterization. In experimental studies for the last 
30 years, scientists have reported that the motor pathway to 
the external sphincters and pelvic floor is subject to control 
from events in viscera and the segmental innervation of 
somatic structures. The pathways that control the striated 
muscle of the external sphincter as well as the detrusor 
smooth muscle are summarized in Figures 5.4 and 5.6. 
Figure 5.4 indicates that certain nuclei in the brainstem are 
of particular importance in the regulation of the external 
sphincter, including the L-region and the nucleus retroam- 
biguus, which have major projections to Onuf’s nucleus, 


and are of particular importance in maintaining 
continence and facilitating urine storage.>” This topic has 
been reviewed recently.?? 

Ina study of chronic spinal cats, Sasaki® found detrusor— 
sphincteric dyssynergia in about 50% of chronic spinal 
cats, while the other 50% achieved some sphincter inhibi- 
tion during bladder contractions. Sphincteric responses to 
stimuli were affected by the state of bladder filling, and 
when the bladder was empty, tactile stimulation of the per- 
ineal skin caused an increase in EUS activity and detrusor 
contractions in spinal animals, the opposite of what occurs 
in animals with a normal intact neuroaxis. In contrast, 
when the bladder was full, rhythmic detrusor contractions 
were present, and tactile stimulation caused EUS activity 
and bladder contractions, and noxious stimulation of the 
skin resulted in an immediate contraction of the bladder, 
followed by some depression of ongoing rhythmic contrac- 
tions. The effects on the sphincter depended on the state of 
the sphincter, and when dyssynergia was present, innocu- 
ous tactile stimulation was accompanied by a prolonged 
increase in EUS activity that was not inhibited during mic- 
turition contractions. Reflex responses of the sphincter 
induced by electrical stimulation of afferents in the puden- 
dal nerve were inhibited in spinal animals with a normal 
synergic relationship between the bladder and urethra, but 
in dyssynergia, relaxation of the sphincter and inhibition 
of pudendal nerve reflex responses during bladder con- 
tractions were absent. There has been recent interest in the 
role of 5-hydroxytryptamine (5-HT) in the injured spinal 
cord; it was shown that the disruption of phasic activity in 
the external urethral sphincter in spinal cord injury 
could be improved to some extent by treatment with 
8-OH-DPAT.2™ 

The clinical literature clearly distinguishes between 
lesions of the spinal cord in which the peripheral innerva- 
tion of the striated muscle of the pelvic floor and sphinc- 
ters is intact, and lesions in which there is peripheral 
denervation. There may also be a small group where there 
is a mix of a high lesion and some peripheral denervation. 
Perlow and Diokno*” found that a neurogenic bladder 
developed in spinal patients with lesions at T7 and above, 
whereas peripheral denervation was common in lesions at 
vertebral T11 and below. Vesicosphincteric dyssynergia 
developed in about two-thirds of their patients with neu- 
rogenic bladders; the increased excitability of pudendal 
motoneurones was associated with increased excitability of 
the bulbocavernosus reflex.” During the phase of spinal 
shock following spinal cord injury in humans, bladder fill- 
ing was found to be accompanied by an increased urethral 
resistance in the bladder neck region, not associated with 
an increased EMG activity of the pelvic floor,” presum- 
ably associated with smooth muscle activity. Areflexia 
could also be present. In some patients with spinal cord 
injuries, bladder contraction and distention of the rectum 
resulted in inhibition of EMG activity in the external 
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urethral and anal sphincters, whereas in the levator ani, 
there was sometimes an initial excitation of the muscle.” 

Rossier et al,” using pudendal nerve blockade and 
injections of phentoamine to dissociate the effects of stri- 
ated and smooth muscle, found that the dyssynergia was 
due to the passage of impulses along the pudendal nerves, 
and that about two-thirds of the urethral pressure was due 
to striated muscle tone developed by this impulse activity — 
rather more than in normal subjects.” Rossier et al’ 
commented that there was no evidence of a sympathetic 
innervation of striated muscle. However, more recent 
experiments on cats have suggested that the cholinergic 
preganglionic fibers of the sympathetic system can grow 
and form functional contacts with denervated striated 
muscle following the experimental section of spinal 
roots.*!° Possibly a more detailed study of reinnervation of 
the striated muscle of the lower urinary tract in humans 
would support this possibility. 

Investigation of the neural connectivity can now be 
performed using a variety of neurophysiologic and radio- 
logic techniques. Thiry and Deltenre?!! found that electri- 
cal stimulation of the head can be used to assess the 
volitional as well as segmental and suprasegmental influ- 
ences on the behavior of the external urethral sphincter; 
however, subjects were not tolerant of the electrical stim- 
uli. Magnetic stimulation of the brain, spinal cord, and 
peripheral nerves, however, has been pioneered in the last 
decade or so and appears to be tolerated better; its use has 
had considerable impact on the study of the neural con- 
trol of the striated muscle of the anal sphincter.?°?!*-”*! It 
has most recently enabled the study of the control of dif- 
ferent parts of the sphincteric apparatus around the anus, 
and has allowed the effects of birth trauma on different 
parts of the external anal sphincter to be defined.” In 
the lower urinary tract there were early demonstrations 
of the usefulness of the technique in studying the central 
and peripheral pathways to the external urethral sphinc- 
ter,?*>?6 perineum,””’ pelvic floor,” and bulbocaver- 
nosus.”!”?930 Magnetic stimulation has also been used 
to confirm the presence of complete or partial lesion of 
the spinal cord and functional characteristics of the lat- 
ter.”*! The potential therapeutic use of magnetic stimula- 
tion has been pioneered by Craggs in hyperreflexic 
states, 723 

An alternative approach to the hypertonic sphincter has 
been used by Phelan et al,’** who reported the results fol- 
lowing injection of botulinus toxin into the spastic urethral 
sphincter. Botulinus toxin (Botox) acts presynaptically to 
prevent the release of acetylcholine at the nerve—muscle 
junction. It is a very powerful lethal neurotoxin and is 
delivered in very small doses in these studies, and acts to 
dissociate the link between high frequencies of impulses in 
the pudendal motoneurones and the contractile response. 
These authors claimed that this could be a useful treatment 
for some patients’ sphincter dyssynergia. 


In a study of the lower urinary tract in patients with 
neurologic disorders, Sakakibara et al” studied patients 
with detrusor—sphincteric dyssynergia, and found that one 
group had uninhibited external sphincter relaxation. In 
these patients there was an abnormal reduction of external 
urethral sphincter pressure (by 64 + 27 cmH,O (mean + 
standard deviation)) and variation in both the sphincteric 
pressure and EMG. Fluoroscopy showed that bladder neck 
opening was commonly associated with extreme urge 
sensation. This appears possibly to be the normal reflex 
response to bladder contraction involving a major reduc- 
tion in efferent activity to the striated muscle. However, 
other patients with detrusor—external sphincter dyssyner- 
gia failed to relax their sphincters during attempted void- 
ing, and fluoroscopic imaging showed an incomplete or 
absent urethral opening at the external sphincter. The 
mean reduction of urethral pressure during attempted 
voiding in this group was only 6.4 + 6.7 cmH,O and 
5.0 + 9.5 cmH,O (females and males, respectively). 
Possibly this group were unable to inhibit the pudendal 
motoneuron activity. These results correlate reasonably 
well with the study on cats by Sasaki et al.” 


Reflex control of the striated 
muscle of the lower urinary 
tract following other 
neurologic lesions 


Parkinson’s disease 


Chemical or surgical lesions of dopamine-containing neu- 
rons in the basal ganglia in the rat cause changes in motor 
activity akin to those seen in Parkinson’s disease, and the 
urodynamic results suggest that the bladder of these 
animals is overactive. The dopaminergic nerves that are 
affected in Parkinson’s disease projections of dopamine- 
containing fibers from the substantia nigra have opposing 
effects on the bladder depending on whether the D1 or D2 
receptors are activated. Activation of D2 receptors is excita- 
tory to micturition, whereas D1 receptors are inhibitory. 
However, these receptors can also suppress activity of the 
striated muscle urethral sphincter, and the urge inconti- 
nence symptoms often seen in patients with Parkinson’s 
disease may be aggravated because of the decreased urethral 
resistance induced by D2 dopamine receptor activation.!°° 
In humans, Pavlakis et al” described detrusor dyssyner- 
gia in the majority of Parkinson’s disease patients studied, 
and the EMG investigations showed that a few patients had 
a voluntary contraction of the perineal floor in an attempt 
to prevent leakage, while others had sphincter bradykine- 
sia, which was associated with the generalized skeletal 
muscle hypertonicity found in Parkinsonism. This was 
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reinvestigated by Stocchi et al,” who found that incom- 
plete pelvic floor relaxation was present in about one-quar- 
ter of patients, while another quarter had hyperreflexia 
associated with vesicosphincteric synergy; a further 10% 
had hyperreflexia with vesicosphincteric synergy associ- 
ated with incomplete pelvic floor relaxation. Urologic 
manifestations of Parkinson’s disease tend to be associated 
with the severity and duration of the condition. 


Stroke 


A commonly used experimental model of stroke involves 
ligation of the middle cerebral artery of the rat, which 
results in cerebral ischemia and infarction. The urody- 
namic status of this model is characterized by bladder 
overactivity consistent with the loss of cerebral inhibition 
of the lower urinary tract.!>?*° Urodynamic studies on 
incontinent patients following a stroke showed a distur- 
bance in the function of the striated muscle of the lower 
urinary tract including detrusor—sphincter dyssyner- 
gia.“ Sakakibara et al^! reported bladder hyper-reflexia, 
detrusor—sphincter dyssynergia, and uninhibited sphinc- 
ter relaxation in patients with stroke. The same group?” 
subsequently demonstrated that frontal lobe disease may 
cause disorders of storage as well as of voiding; they 
observed uninhibited sphincter relaxation and unrelaxing 
sphincter on voiding and disturbances of bladder func- 
tion in these patients. 
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Introduction 


The normal bladder functions, storage and elimination of 
urine, are based on a coordinated interplay of reciprocal 
contraction and relaxation of the bladder and the outflow 
region. This interaction is regulated by neural circuits in the 
brain and spinal cord, which coordinate the activity of the 
detrusor and that of the smooth and striated muscles of the 
outflow region. The nervous mechanisms for this control 
involve a complex pattern of efferent and afferent signaling 
in parasympathetic, sympathetic, and somatic nerves.! 

This chapter will briefly review the principles of nervous 
control of micturition, and then focus on the peripheral 
mechanisms involved in the contraction and relaxation of 
the bladder and urethra. 


Central nervous control of 
bladder and urethra 


The central nervous mechanisms for regulation of micturi- 
tion are still not completely known. The normal micturi- 
tion reflex is mediated by a spinobulbospinal pathway, 
passing through relay centers in the brain. In principle, the 
central pathways are organized as on-off switching circuits 
(Figures 6.1 and 6.2).! During bladder filling, once thresh- 
old tension is achieved, afferent impulses, conveyed mainly 
by the pelvic nerve, reach centers in the central nervous sys- 
tem (CNS). It has been proposed that the afferent neurons 
send information to the periaqueductal gray (PAG), which 
in turn communicates with the pontine tegmentum, where 
two different regions involved in micturition control have 
been described in cats.? One is a dorsomedially located M 
region, corresponding to Barrington’s nucleus or the pon- 
tine micturition center (PMC). A more laterally located 
L-region may serve as a pontine urine storage center (PSC), 
which has been suggested to suppress bladder contraction 
and regulate the external sphincter muscle activity during 
urine storage. The M- and L-regions may represent separate 
functional systems, acting independently.’ 
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Figure 6.1 

Voiding reflexes involve supraspinal pathways, and are under 
voluntary control. During bladder emptying, the spinal 
parasympathetic (paras.) outflow is activated, leading to bladder 
contraction. Simultaneously, the sympathetic (symp.) outflow to 
urethral smooth muscle, and the somatic outflow to urethral 
and pelvic floor striated muscles are turned off, and the outflow 
region relaxes. PAG = periaqueductal gray. 


The peripheral nervous mechanisms for bladder empty- 
ing and urine storage involve efferent and afferent signal- 
ing in parasympathetic, sympathetic, and somatic nerves. 
These nerves either maintain the bladder in a relaxed state, 
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Figure 6.2 

During storage, there is continuous and increasing afferent 
activity from the bladder. There is no spinal parasympathetic 
(paras.) outflow that can contract the bladder. The sympathetic 
(symp.) outflow to urethral smooth muscle, and the somatic 
outflow to urethral and pelvic floor striated muscles keep the 
outflow region closed. Whether or not the sympathetic 
innervation to the bladder (not indicated) contributes to bladder 
relaxation during filling in humans has not been established. 
PAG = periaqueductal gray. 


while the outflow region is contracted, enabling urine stor- 
age at low intravesical pressure, or they initiate micturition 
by relaxing the outflow region and contracting the bladder 
smooth muscle. Parasympathetic activation excites the 
bladder and relaxes the outflow region (Figure 6.3), and 
sympathetic activation inhibits the bladder body and 
excites the bladder outlet and urethra (Figure 6.4). Somatic 
nerves activate the striated urethral sphincter (rhabdo- 
sphincter; Figure 6.5). 

The sensory (afferent) innervation, which anatomically 
can be found in the parasympathetic, sympathetic, and 
somatic nerves, transmits information about bladder fill- 
ing and contractile bladder activity to the CNS. 

Parasympathetic neurons, mediating contraction of the 
detrusor smooth muscle and relaxation of the outflow 
region, are located in the sacral parasympathetic nucleus in 
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Figure 6.3 

The parasympathetic (pelvic nerve) innervation mediates 
contraction of the bladder (acetylcholine=ACh, muscarinic 
receptors) and relaxation of the urethra (NO = nitric oxide). 
T = thoracic, L = lumbar, S = sacral segments. 


the spinal cord at the level of S2-S4.* The axons pass 
through the pelvic nerve and synapse with the postgan- 
glionic nerves in either the pelvic plexus, in ganglia on the 
surface of the bladder (vesical ganglia), or within the walls 
of the bladder and urethra (intramural ganglia).* The pre- 
ganglionic neurotransmission is mediated by acetylcholine 
(ACh) acting on nicotinic receptors. This transmission can 
be modulated by adrenergic, muscarinic, purinergic, and 
peptidergic presynaptic receptors.* The postganglionic 
neurons in the pelvic nerve mediate the excitatory input to 
the human detrusor smooth muscle by releasing ACh act- 
ing on muscarinic receptors. However, an atropine-resis- 
tant component has been demonstrated, particularly in 
functionally and morphologically altered human bladder 
tissue (see below). The pelvic nerve also conveys parasym- 
pathetic fibers to the outflow region and the urethra. These 
fibers exert an inhibitory effect and thereby relax the 
outflow region. This is mediated partly by nitric oxide, 
although other transmitters might be involved.®7 

Most of the sympathetic innervation of the bladder and 
urethra originates from the intermediolateral nuclei in the 
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Figure 6.4 

Sympathetic innervation (hypogastric nerve) mediates 
contraction of the bladder outlet and urethral smooth muscle 
(NA = noradrenaline, œ-adrenoceptors) and relaxes the bladder 
(NA = noradrenaline, B-adrenoceptors). T = thoracic, L= lumbar, 
S= sacral segments. 


thoracolumbar region (T10-L2) of the spinal cord. The 
axons travel either through the inferior mesenteric ganglia 
and the hypogastric nerve, or pass through the paraverte- 
bral chain and enter the pelvic nerve. Thus, sympathetic sig- 
nals are conveyed in both the hypogastric and pelvic nerves. 

The predominant effects of the sympathetic innervation 
of the lower urinary tract in man are inhibition of the 
parasympathetic pathways at spinal and ganglion levels, and 
mediation of contraction of the bladder base and the ure- 
thra. However, in several animals, the adrenergic innerva- 
tion of the detrusor is believed to relax the detrusor directly. 
Noradrenaline is released in response to electrical stimula- 
tion of detrusor tissues in vitro, and the normal response of 
detrusor tissues to released noradrenaline is relaxation. 

Somatic motoneurons, activating the external urethral 
sphincter (EUS), are located in the Onuf’s nucleus, a cir- 
cumscribed region of the sacral ventral horn at the level of 
$2-S4. EUS motoneurons send axons to the ventral roots 
and into the pudendal nerves.’ 

The sensory (afferent) nerves monitor the urine volume 
and pressure during urine storage, transmitting the infor- 
mation to the CNS.’ Most of the sensory innervation of the 
bladder and urethra reaches the spinal cord via the pelvic 
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During storage, activity in somatic nerves (pudendal nerve) keeps 
the striated urethral sphincter (rhabdosphincter) closed. During 
micturition, this activity is suppressed. 
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nerve and dorsal root ganglia. In addition, some afferents 
travel in the hypogastric nerve. The afferent nerves of the 
EUS travel in the pudendal nerve to the sacral region of the 
spinal cord.° There are several populations of afferents in 
the bladder. The most important for the micturition 
process are myelinated Ad fibers and unmyelinated C 
fibers. The Ad fibers respond to passive distention and 
active contraction (low threshold afferents), thus convey- 
ing information about bladder filling.'° The activation 
threshold for Ad fibers is 5-15 mm H,O, which is the 
intravesical pressure at which humans report the first sen- 
sation of bladder filling.* C fibers have a high mechanical 
threshold and respond primarily to chemical irritation of 
the bladder mucosa or cold.!™!? Following chemical irrita- 
tion, the C-fiber afferents exhibit spontaneous firing when 
the bladder is empty and increased firing during bladder 
distention.'’ These fibers are normally inactive and are 
therefore termed ‘silent fibers. 


Local control of the bladder 


The cholinergic and adrenergic mechanisms involved in blad- 
der storage and emptying functions have been extensively 
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investigated. >=! Non-adrenergic, non-cholinergic (NANC) 
bladder mechanisms, on the other hand, have been studied 
mainly in research animals, and their relevance in humans has 
not been established.'® 


Cholinergic mechanisms 
Cholinergic nerves 


Although histochemical methods that stain for acetylcholine 
esterase (AChE) are not specific for ACh-containing nerves, 
AChE staining has been used as an indirect marker of 
cholinergic nerves." The vesicular ACh transporter (VACht) 
is a marker specific for cholinergic nerve terminals.” In rats, 
for example, bladder smooth muscle bundles are supplied 
with a very rich number of VAChT-positive terminals also 
containing neuropeptide Y (NPY), nitric oxide synthase 
(NOS), and vasoactive intestinal polypeptide (VIP).'® 
Similar findings have been made in human bladders of 
neonates and children." The muscle coat of the bladder 
showed a rich cholinergic innervation and small VAChT- 
immunoreactive neurons were found scattered throughout 
the detrusor muscle. VAChT-immunoreactive nerves were 
also observed in a suburothelial location in the bladder. The 
function of these nerves is unclear, but a sensory function or 
a neurotrophic role with respect to the urothelium cannot 
be excluded.” 


Muscarinic receptors 


Acetylcholine, acting on muscarinic receptors on the 
detrusor myocytes, is a main contractile transmitter in the 
mammalian bladder. Muscarinic receptors comprise five 
subtypes, encoded by five distinct genes.” In the human 
bladder, the mRNAs for all muscarinic receptor subtypes 
have been demonstrated.” The M, predominates over the 
M; receptor subtype (3:1 ratio).’’** These receptors have 
been located not only on the detrusor myocytes, but also on 
other structures, including urothelium, interstitial cells, and 
suburothelial nerves.” Detrusor smooth muscle contains 
muscarinic receptors mainly of the M, and M; subtypes.” ?? 
The receptors are functionally coupled to G-proteins, but 
the signal transduction systems are different.” 

The M; receptors in the human detrusor are believed to 
be the most important for detrusor contraction.” In blad- 
der strips from M; knockout mice, 95% of the contraction 
induced by carbachol was mediated by M, receptors.*! 
However, these mice had an almost normal cystometric 
pattern owing to the remaining purinergic activation 
mechanism.** 

Stimulation of M; receptors has previously been consid- 
ered to cause contraction through phosphoinositide 
hydrolysis.*?** However, several studies have suggested that 


other signaling pathways can be involved.***” There may 
be species differences in the signaling pathways used by the 
different muscarinic receptor subtypes.*® However, taken 
together available evidence suggests that the main path- 
ways for M; receptor activation of the human detrusor are 
calcium influx via L-type calcium channels and inhibition 
of myosin light chain phosphatase through activation of 
Rho-kinase and protein kinase C, leading to increased sen- 
sitivity to calcium of the contractile machinery.’ 

The functional role for the M, receptors has not been 
clarified, but it has been suggested that M, receptors may 
oppose sympathetically mediated smooth muscle relax- 
ation through B-ARs.*! M, receptor stimulation may also 
activate nonspecific cation channels,” inhibit Kypp chan- 
nels through activation of protein kinase C,#** and use 
other signaling pathways.** An investigation using M,, M;, 
and M,/M; double knockout mice revealed that the M, 
receptor may have a role in indirectly mediating bladder 
contractions by enhancing the contractile response to M, 
receptor activation, and that minor M, receptor-mediated 
contractions may also occur.*° 

On the other hand, in certain disease states, the contri- 
bution of M, receptors to detrusor contraction may 
increase. Thus, in the denervated rat bladder, M, receptors, 
or a combination of M, and M, mediated contractile 
responses.****“8 In obstructed, hypertrophied rat bladders, 
there was an increase in total and M, receptor density, 
whereas there was a reduction in M; receptor density.“ The 
functional significance of this change for voiding function 
has not been established, and preliminary experiments on 
the human detrusor could not confirm these observa- 
tions.*°°! Pontari et al analyzed bladder muscle speci- 
mens from patients with neurogenic bladder dysfunction 
to determine whether the muscarinic receptor subtype 
mediating contraction shifts from M, to the M, receptor 
subtype, as found in the denervated, hypertrophied rat 
bladder. They concluded that whereas normal detrusor 
contractions are mediated by the M; receptor subtype, in 
patients with neurogenic bladder dysfunction, contrac- 
tions can be mediated by the M, receptors. 

Muscarinic receptors may also be located on the presy- 
naptic nerve terminals and participate in the regulation of 
transmitter release. The inhibitory prejunctional mus- 
carinic receptors have been classified as M, in the rabbit*?** 
and rat,” and M, in the guinea-pig,” rat,” and human?’ 
bladder. Prejunctional facilitatory muscarinic receptors 
appear to be of the M; subtype in the rat and rabbit urinary 
bladder.**>° Prejunctional muscarinic facilitation has also 
been detected in human bladders.” The muscarinic facili- 
tatory mechanism seems to be upregulated in overactive 
bladders from chronic spinal cord transected rats. The 
facilitation in these preparations is primarily mediated by 
M; muscarinic receptors.” 

Muscarinic receptors have also been demonstrated on 
the urothelium/suburothelium,”* but their functional 
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importance has not been clarified. It has also been sug- 
gested that muscarinic receptors on structures other than 
the myocyte (urothelium/suburothelium) may be involved 
in the release of an unknown inhibitory factor.78°) 

Several studies have suggested that muscarinic receptors 
mediate activation of bladder afferent nerves. De Laet 
et al® demonstrated an inhibitory effect of systemically 
given oxybutynin on the afferent part of the micturition 
effect in rats by recording afferent activity in the pelvic 
nerve. Boy et al,°° who studied the effect of tolterodine on 
sensations evoked by intravesical electrical stimulation and 
during bladder filling in healthy female subjects, found 
that the drug had a significant effect on afferent fibers, 
probably located in the suburothelium. These findings are 
in line with the clinical observations that antimuscarinics 
at clinically recommended doses have little effect on void- 
ing contractions and may act mainly during the bladder 
storage phase, increasing bladder capacity.?%°7°* 

The muscarinic receptor functions may be changed in 
different urologic disorders, such as outflow obstruction, 
neurogenic bladders, idiopathic detrusor overactivity, and 
diabetes.” 


Adrenergic mechanisms 
Adrenergic nerves 


Fluorescence histochemical studies have shown that the 
body of the detrusor receives a relatively sparse innervation 
by noradrenergic nerves. The density of noradrenergic 
nerves increases markedly towards the bladder neck, where 
the smooth muscle receives a dense noradrenergic nerve 
supply, particularly in the male. The importance of the 
noradrenergic innervation of the bladder body has been 
questioned since patients with a deficiency in dopamine B- 
hydroxylase, the enzyme that converts dopamine to 
noradrenaline, void normally.” Noradrenergic nerves also 
occur in the lamina propria of the bladder, only some of 
which are related to the vascular supply. Their functional 
significance remains to be shown. 


o.-Adrenoceptors 


In the human detrusor, B-ARs dominate over @-ARs, and 
the normal response to noradrenaline is relaxation.'? The 
number of &-ARs in the human detrusor was found to be 
low,” in some studies too low for a reliable quantification.” 
Malloy et al” reported that even if the total o,-AR 
expression was low, it was reproducible. Among the high 
affinity receptors for prazosin, only 0,4 and Op-mRNAs 
were expressed in the human bladder. The relation between 
the different subtypes was 0t,p: 66% and Qa: 34%, with no 
expression of Œp. 


Even if the a-ARs have no significant role in normal 
bladder contraction, there is evidence that there may be 
changes after, for example, bladder outlet obstruction.” 
However, Nomiya and Yamaguchi” concluded that neither 
an upregulation of &,-ARs, nor a downregulation of B- 
ARs, occurs in human obstructed bladder, and that it was 
not likely that detrusor @,-ARs are responsible for the 
overactivity observed in patients with bladder outflow 
obstruction. 

It has been shown that m,-ARs are located prejunction- 
ally on cholinergic nerve terminals in the rat urinary blad- 
der.’ Activation of these receptors facilitates ACh release 
and enhances neurogenic contractions. Terazosin inhibited 
phenylephrine-induced facilitation of the neurally-evoked 
contractions and facilitation of ACh release.” Szell et al’ 
found that the o4,,-AR subtype on the cholinergic nerve 
terminals mediated the prejunctional facilitation. 

In a recent study, Trevisani and coworkers” examined 
the influence of a,-ARs on neuropeptide release from pri- 
mary sensory neurons of the lower urinary tract in rats. 
The o,-agonist, phenylephrine, caused an intracellular 
Ca?’ mobilization in cultured lumbar and sacral dorsal 
root ganglion neurons, as well as a release of substance P 
from terminals of capsaicin-sensitive sensory neurons 
from the lumbar enlargement of the dorsal spinal cord and 
urinary bladder, and increased plasma protein extravasa- 
tion in the urinary bladder. These effects were abolished by 
alfuzosin. The authors concluded that @,-ARs are func- 
tionally expressed by capsaicin-sensitive, nociceptive, pri- 
mary sensory neurons of the rat lower urinary tract, and 
their activation may contribute to signal irritative and 
nociceptive responses arising from this region. Parts of the 
beneficial effects of &,-adrenoceptor antagonists in the 
amelioration of storage symptoms in the lower urinary 
tract could be derived from their inhibitory effect on 
neurogenic inflammatory responses. 


B-Adrenoceptors 


The B-ARs of the human bladder were shown to have 
functional characteristics typical of neither B,- nor B- 
ARs.8°8! Normal as well as neurogenic human detrusors are 
able to express B,-, B,-, and B;-AR mRNA, and selective B,- 
AR agonists effectively relaxed both types of detrusor 
muscle.**? An investigation comparing the subpopulations 
of B-ARs in research animals revealed significant 
differences amongst species.** Studies in human detrusor 
tissue revealed an expression of B;-AR mRNA of 97% over 
Bı- (1.5%) and B- (1.4%) AR mRNA, concluding that if 
the amount of mRNA reflects the population of receptor 
protein, B;-ARs mediate bladder relaxation.®° This is in 
accordance with several in-vitro studies, and it seems that 
atypical B-AR-mediated responses reported in early studies 
of B-AR antagonists are mediated by B;-ARs.°** It can also 
partly explain why the clinical effects of selective B,-AR 
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agonists in bladder overactivity have been controversial and 
largely inconclusive.** It has been speculated that, in 
detrusor overactivity associated with outflow obstruction, 
there is a lack of an inhibitory $-AR-mediated 
noradrenaline response, but this has never been verified in 
humans.’>*”*8 Several B3-AR agonists have shown effect 
profiles in vitro and in animal models that should be 
promising for treatment of detrusor overactivity and the 
overactive bladder (OAB) syndrome.****8?°! Whether or 
not B3-AR stimulation will be an effective way of treating 
these conditions has to await proof of concept studies. 


Afferent signaling from the 
urothelium/suburothelium 


Recent evidence suggests that the urothelium/suburothe- 
lium may serve not only as a passive barrier, but also as a 
specialized sensory and signaling unit, which, by produc- 
ing nitric oxide, ATP, and other mediators, can control the 
activity in afferent nerves, and thereby the initiation of 
the micturition reflex.°*-** Both afferent and autonomic 
efferent nerves are located in close proximity to the urothe- 
lium.?>-*8 The urothelium has been shown to express, 
for example, nicotinic, muscarinic, tachykinin, adrener- 
gic, bradykinin, and transient receptor potential (TRP) 
receptors.7979969? 

While antimuscarinics were traditionally considered to 
develop their beneficial effects via muscarinic receptors 
located on detrusor smooth muscle, there is increasing evi- 
dence that additional effects involve muscarinic receptors 
within the urothelium and bladder afferent (sensory) 
nerves.'°°!°! Intravesical oxybutynin has been shown to 
have a direct anesthetic effect within the bladder wall by 
temporarily desensitizing C-fiber afferents without affect- 
ing Aô fibers.'” Systemic oxybutynin also influences blad- 
der sensory nerves by inhibiting the afferent part of the 
micturition reflex. Similar results were found for intrav- 
esical and intravenous application of tolterodine.® Very 
recently, Iijima et al’ analyzed the effects of the M; recep- 
tor-selective muscarinic antagonist darifenacin on bladder 
afferent activity of the rat pelvic nerve. Darifenacin signif- 
icantly reduced bladder afferent activity, which might be an 
additional factor in the treatment of OAB. 

Lips and coworkers directly analyzed the ACh content in 
the urothelium and characterized the molecular compo- 
nent of its synthesis and release machinery.'™ They found 
ACh to be present in the urothelium in a nanomolar range 
per gram of wet weight. RT-PCR data supported the pres- 
ence of carnitine acetyltransferase (CarAT) but not choline 
acetyltransferase (CHAT). Vesicular ACh transporter 
(VAChT), used by neurons to shuffle ACh into synaptic 
vesicles, was detected in subepithelial cholinergic nerve 
fibers, but not by RT-PCR or immunohistochemistry in 


the urothelium. The authors concluded that this urothelial 
non-neuronal cholinergic system differs widely from that 
of neurons with respect to molecular components of the 
ACh synthesis and release machinery. Consequently, these 
two systems might be differentially targeted by pharmaco- 
logic approaches. 

Low pH, high K, increased osmolality, and low tempera- 
tures can influence afferent nerves, possibly via effects on 
the vanilloid receptor (capsaicin-gated ion channel, 
TRPV1), which is expressed both in afferent nerve termi- 
nals and in the urothelial cells.” TRPV1 is expressed 
throughout the afferent limb of the micturition reflex path- 
way, including in urinary bladder unmyelinated (C-fiber) 
nerves that detect bladder distention or the presence of 
irritant chemicals.!°°!°° TRPV1 is expressed by urothelial 
cells as well as by afferent nerves in proximity to urothelial 
cells in the urinary bladder.” Birder et al showed that 
TRPV1-null mice are anatomically normal.*° However, 
bladder function seems to be altered, including a reduction 
of in-vitro, stretch-evoked ATP release and membrane 
capacitance. Urothelial cells from TRPV1-null mice 
were also shown to exhibit a decrease in hypotonic-evoked 
ATP release.” 

A network of interstitial cells (ICs), extensively linked by 
Cx43-containing gap junctions, was found to be located 
beneath the urothelium in the human bladder.!°""” This 
interstitial cellular network was suggested to operate as a 
functional syncytium, integrating signals and responses in 
the bladder wall. The firing of suburothelial afferent 
nerves, conveying sensations and regulating the threshold 
for bladder activation, may be modified by both inhibitory 
(e.g., nitric oxide) and stimulatory (e.g., ATP, tachykinins, 
prostanoids) mediators. There may be several types of ICs 
within the bladder wall. These NO/cGMP-positive cells can 
be separated into two main groups:!!” cells in the sub- 
urothelial space (suburothelial ICs) and cells associated 
with an outer layer of muscle. Three subtypes of muscle 
ICs have been identified:''' cells on the outer surface of 
the bladder wall (muscle-coat ICs), cells on the surface of 
muscle bundles (surface muscle ICs), and cells within the 
muscle bundles (intramuscular ICs). 

ATP, generated by the urothelium, has been suggested as 
an important mediator of urothelial signaling.?”!!? P2X 
and P2Y purinergic receptor subtypes are expressed in cells 
(urothelium, nerves, and myofibroblasts) that are situated 
near the luminal surface of the bladder. ATP was shown to 
potentiate the response of vanilloids in sensory neurons by 
lowering the threshold for protons, capsaicin, and heat.'!? 
Thus, ATP possibly triggers pain when released from 
injured or damaged cells.** Supporting such a view, intrav- 
esical ATP induces detrusor overactivity in conscious 
rats.''4 Furthermore, mice lacking the P2X3 receptor were 
shown to have hypoactive bladders.'!*''° 

There seem to be other, thus far unidentified, factors in 
the urothelium that could influence bladder function.'® 


Pharmacology of the lower urinary tract 87 


Even if these mechanisms can be involved in, for example, 
the pathophysiology of OAB, their functional importance 
remains to be established. 


Nonadrenergic, noncholinergic 
mechanisms 


In most animal species, the bladder contraction induced by 
stimulation of nerves consists of at least two components, 
one atropine-resistant and one mediated by NANC mech- 
anisms.!? NANC contractions have been reported to occur 
in normal human detrusor, even if not representing more 
than a few percent of the total contraction in response to 
nerve stimulation.'!”"''? However, a significant degree of 
NANC-mediated contraction may exist in morphologically 
and/or functionally changed human bladders, and has 
been reported to occur in hypertrophic bladders, idio- 
pathic detrusor instability, interstitial cystitis bladder, neu- 
rogenic bladders, and in the aging bladder.'!*!?°"'5 The 
NANC component of the nerve-induced response may be 
responsible for up to 40-50% of the total bladder contrac- 
tion (see below). 


NANC neurotransmission: ATP There is good evidence 
that the transmitter responsible for the NANC component is 
ATP, acting on P2X receptors found in the detrusor smooth 
muscle membranes of rats and humans.'!*!*%1?8 The 
receptor subtype predominating in both species seemed to 
be the P2X, subtype. Moore et al!” reported that detrusor 
from patients with idiopathic detrusor instability had a 
selective absence of P2X; and P2X; receptors, and suggested 
that this specific lack might impair control of detrusor 
contractility and contribute to the pathophysiology of urge 
incontinence. On the other hand, O’Reilly et al!” found that, 
in patients with idiopathic detrusor instability, P2X, 
receptors were significantly elevated, whereas other P2X 
receptor subtypes were significantly decreased. They were 
unable to detect a purinergic component of nerve-mediated 
contractions in control (normal) bladder specimens, 
but there was a significant purinergic component of 
approximately 50% in unstable bladder specimens. They 
concluded that this abnormal purinergic transmission in 
the bladder might explain symptoms in these patients. The 
same group confirmed that the P2X, receptor was the 
predominant purinoceptor subtype also in the human male 
bladder.'”8 They found that the amount of P2X, receptor per 
smooth muscle cell was larger in obstructed than in control 
bladders. This suggests an increase in purinergic function 
in the overactive bladder arising from bladder outlet 
obstruction. 


NANC  neurotransmission: neuropeptides Various 
bioactive peptides have been demonstrated to be 
synthesized, stored, and released in the human lower 


urinary tract, including atrial natriuretic peptide (ANP), 
bradykinin, calcitonin gene-related peptide (CGRP), 
endothelin, enkephalins, galanin, neuropeptide Y, 
somatostatin, substance P (SP), and vasoactive intestinal 
polypeptide (VIP). However, their functional roles have 
not been established.'*°!*? In human bladder, Uckert et 
alt’? found contractant effects of SP and ET-1, a relaxant 
effect of VIP, and very little effects of ANP and CGRP. 

As discussed by Maggi, neuropeptide-containing, 
capsaicin-sensitive primary afferents in the bladder and 
urethra may not only have a sensory function (‘sensory 
neuropeptides’), but also a local effector or efferent func- 
tion." In addition, they may play a role as neurotrans- 
mitters and/or neuromodulators in the bladder ganglia 
and at the neuromuscular junctions. As a result, the pep- 
tides may be involved in the mediation of various effects, 
including micturition reflex activation, smooth muscle 
contraction, potentiation of efferent neurotransmission, 
and changes in vascular tone and permeability. Evidence 
for this is based mainly on experiments in animals. Studies 
on isolated human bladder muscle strips have failed to 
reveal any specific local motor response attributable to a 
capsaicin-sensitive innervation.'*! However, cystometric 
evidence that capsaicin-sensitive nerves may modulate the 
afferent branch of the micturition reflex in humans has 
been presented.'** In a small number of patients suffering 
from bladder hypersensitivity disorders, intravesical cap- 
saicin produced a long-lasting, symptomatic improvement. 
It has been discussed whether peptides are involved in the 
pathogenesis of detrusor overactivity. Results from 
immunohistochemical studies have provided evidence that 
outflow obstruction, which is commonly associated with 
detrusor overactivity, causes a reduction in the density of 
peptide-containing nerves." 


Tachykinins Endogenous tachykinins, substance P (SP), 
neurokinin A (NKA), and neurokinin B (NKB), are widely 
distributed in the central and peripheral nervous system. 
They are found in afferent pathways of the bladder and 
urethra, and there is considerable evidence that they act as 
transmitters in sensory nerves." In addition, these peptides 
have been shown to produce diverse biologic effects, such 
as smooth muscle contraction, facilitation of transmitter 
release from nerves, vasodilatation, and increased plasma 
permeability. Their actions are mediated by activation of 
three distinct receptor types termed NK-1, NK-2, and NK- 
3. Rat and guinea pig detrusors contain both NK-1 and 
NK-2 receptors, whereas the NK-2 receptor seems to be the 
only mediator of contractile responses to tachykinins in 
human bladder smooth muscle, where the potency of 
neurokinins was shown to be NKA > NKB >> SP! 
Nociceptive transmission is mainly mediated through 
NK,-receptors. 

The potential role of tachykinins, particularly SP, in the 
atropine-resistant component of the contractile response 
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induced by electrical stimulation, has been studied by sev- 
eral investigators.'*!%* With few exceptions, these studies 
did not favor the view that SP, released from postganglionic 
nerve terminals, has an excitatory transmitter role. 
However, evidence has been presented that SP may play a 
role in the afferent branch of the micturition reflex.!*!° 
Green et al'*° tested the hypothesis that aprepitant, an NK- 
1 receptor antagonist, may be efficacious in the treatment of 
urge urinary incontinence. In a double-blind, randomized, 
placebo-controlled, parallel group pilot study on post- 
menopausal women with a history of urge urinary inconti- 
nence or mixed incontinence, they found that aprepitant 
significantly decreased the average daily number of mic- 
turitions and urgency episodes compared with placebo, and 
concluded that NK-1 receptor antagonism may represent a 
novel therapeutic approach to treating OAB. 


Endothelins Endothelins (ET-1, ET-2, ET-3) and ET 
(ET,, ET) receptors have been demonstrated in the 
bladder. Via their receptors, ETs can initiate both short- 
term (contraction) and long-term (mitogenesis) events 
in targets cells in the bladder and urethra. Saenz de Tejada 
et al” demonstrated ET-like immunoreactivity in 
the transitional epithelium, serosal mesothelium, vascular 
endothelium, smooth muscles of the detrusor (nonvascular) 
and vessels, and in fibroblasts of the human bladder. This 
cellular distribution was confirmed in in-situ hybridization 
experiments. The authors suggested that ET may act as an 
autocrine hormone in the regulation of the bladder wall 
structure and smooth muscle tone, and that it may regulate 
cholinergic neurotransmission by a paracrine mechanism. 
In patients with benign prostatic hypertrophy (BPH), the 
density of ET receptors in the bladder was significantly 
lower than in men without this disorder.” ET-1 is known 
to induce contraction in animal as well as human detrusor 
muscle.'*!%* The contractile effect of ETs seems to be 
mediated mainly by the ET, receptor, and the ET, receptor 
could not be linked to contraction.!*? However, in human 
bladder smooth muscle, ETs may not only have a con- 
tractile action, but could also be linked to proliferative 
effects. Supporting this view, Khan et al’? found that ET, 
and ET, receptor antagonists inhibited rabbit detrusor and 
bladder neck smooth muscle cell proliferation, and they 
suggested that ET-1 antagonists may prevent smooth 
muscle cell hyperplasia associated with partial bladder 
outflow obstruction. 

Many authors have suggested that ET may play a patho- 
physiologic role in bladder outlet obstruction associated 
with BPH.'° In the bladder, ETs may be implicated in 
detrusor hypertrophy and its functional consequences. 
Thus, Schröder et al'*! studied the effect of an orally 
administered endothelin converting enzyme (ECE) 
inhibitor by cystometry in conscious rats with and without 
bladder outflow obstruction (BOO). They concluded that 
ECE inhibition did not prevent an increase in bladder 


weight after BOO, but it appeared to have a beneficial effect 
on detrusor function and decrease detrusor overactivity in 
conscious rats. 


Vasoactive intestinal polypeptide Vasoactive intestinal 
polypeptide (VIP) was shown to inhibit spontaneous 
contractile activity in isolated detrusor muscle from 
several animal species, and from humans, but to have 
little effect on contractions induced by muscarinic 
receptor stimulation or by electrical stimulation of 
nerves.” Uckert et al'** found a moderate relaxant effect 
of VIP on isolated, carbachol-contracted human detrusor 
and a less than twofold increase in intracellular cyclic 
AMP concentration. In isolated rat bladder, VIP had no 
effect, and in isolated guinea pig bladder, VIP produced 
contraction. Stimulation of the pelvic nerves in cats 
increased the VIP output from the bladder, and increased 
bladder blood flow, although moderately." VIP injected 
iv induced bladder relaxation in dogs.'*? On the other 
hand, VIP given iv to patients in a dose causing increases 
in heart rate had no effect on cystometric parameters.'** 
Plasma concentrations of VIP were obtained, which, in 
other clinical investigations, had been sufficient to cause 
relaxation of smooth muscle.'“* Even if a decrease in 
VIP concentrations has been found in bladders from 
patients with idiopathic detrusor overactivity, the role 
of this peptide in bladder function has not been 
established.'*° 


Calcitonin gene-related peptide Calcitonin gene- 
related peptide (CGRP) is widely distributed in nerve 
endings in the bladder, and considered a sensory 
neuromodulator.'*! However, whether CGRP has a role in 
the control of bladder motility is controversial. In pig 
detrusor, CGRP did not alter the response to potassium, 
carbachol, substance P, or electrical field stimulation 
(EFS). In hamsters, CGRP caused dose-dependent 
inhibition of the response to EFS, but about 20% of the 
preparations did not respond.'*” In human detrusor strips, 
the relaxing effect of CGRP on carbachol-induced 
contraction was negligible, despite a slight increase in 
cGMP levels.'** Most probably, the main role of CGRP is 
that of a sensory neuromodulator. 


Neuropeptide Y Neuropeptide Y (NPY) and noradrenaline 
are stored in separate vesicles at sympathetic nerve 
terminals, and NPY is preferentially released at high 
frequencies of stimulation.’* In rat bladders, abundant 
NPY-containing nerves were found, and exogenously added 
NPY contracted detrusor strips and potentiated the 
noncholinergic motor transmission. A possible motor 
transmitter function of the peptide in the rat bladder was 
suggested.'*'*? However, other investigators studying rat 
and guinea pig bladders found no contractile response to 
exogenous NPY, but inhibitory effects on cholinergic and 
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NANC-induced contractions. ®!! The human bladder is 
richly endowed with NPY containing nerves.'**'° In 
neonates and children, small ganglia scattered throughout 
the detrusor muscle of urinary bladder were found, of which 
approximately 95% contained NPY.” It seems as if NPY can 
be found in adrenergic as well as cholinergic nerves. 
However, in the human bladder only very few if any 
functional NPY receptors were found. Thus a role for 
NPY in bladder function remains to be established. 


Prostanoids Prostanoids are synthesized from a common 
precursor, arachidonic acid, a process catalyzed by the 
enzyme cyclooxygenase (COX). This process occurs locally 
in both bladder muscle and mucosa, and is initiated by 
various physiologic stimuli such as stretch of the detrusor 
muscle, but also by injuries of the vesical mucosa, nerve 
stimulation, and by agents such as ATP and mediators of 
inflammation.'®'5”-'? There seem to be species variations 
in the spectrum of prostanoids and the relative amounts 
synthesized and released by the urinary bladder. Biopsies 
from the human bladder were shown to release prostanoids 
in the following quantitative order: PGI, > PGE, > PGF,,, > 
TXA,.16 

PGF,,, PGE}, and PGE, contract isolated detrusor mus- 
cle, whereas PGE, and PGF,, relax or have no effect on 
urethral smooth muscle.” Even if prostaglandins have con- 
tractile effects on the human bladder, it is still unclear 
whether they contribute to the pathogenesis of detrusor 
overactivity. Prostanoids may affect the bladder in two 
ways: directly by effects on the smooth muscle and/or indi- 
rectly via effects on the neurotransmission.'® Probably, 
prostanoids do not act as true effector messengers along 
the efferent arm of the micturition reflex, but rather as a 
neuromodulator of the efferent and afferent neurotrans- 
mission.!°!°! An important physiologic role might be sen- 
sitization of sensory nerves. Evidence for a sensitizing 
effect of PGE, has also been demonstrated in vivo. It was 
shown in the rat urinary bladder that intravesical instilla- 
tion of PGE, lowered the threshold for reflex micturition, 
an effect which was blocked by systemic capsaicin desensi- 
tization. Indomethacin pretreatment and systemic cap- 
saicin increased the micturition threshold without 
affecting the amplitude of the micturition contraction.'” 
Since intravesical PGE, did not reduce the residual volume 
in capsaicin-pretreated animals, it was suggested that 
endogenous prostanoids enhance the voiding efficiency 
through an effect, direct or indirect, on sensory nerves. 

Prostanoids may also be involved in the pathophysiology 
of different bladder disorders. As pointed out by Maggi, in 
cystitis there may be an exaggerated prostanoid production 
leading to intense activation of sensory nerves, increasing 
the afferent input. 

Schröder et al'*! investigated whether the PGE, receptor 
EP1 was involved in the regulation of normal micturition, 
the response to intravesical PGE, administration, and the 


development of bladder hypertrophy and overactivity due 
to BOO. Moderate BOO was created in EP1 receptor 
knockout (EP1KO) mice and their wild-type (WT) coun- 
terparts. After 1 week cystometry was performed in con- 
scious animals before and after PGE, instillation. Findings 
were compared to those in unobstructed control animals. 
There was no difference between unobstructed EP1KO and 
WT mice in urodynamic parameters, but EP1KO mice did 
not respond to intravesical PGE, instillation, while WT 
mice showed detrusor overactivity. The lack of EP1 recep- 
tor did not prevent bladder hypertrophy due to BOO. After 
BOO, WT mice had pronounced detrusor overactivity, 
while this was negligible in EP1KO mice. It was concluded 
that the EP1 receptor appears not to be essential for normal 
micturition or the mediation of bladder hypertrophy due 
to BOO, but to have a role in the development of detrusor 
overactivity caused by PGE, and outlet obstruction. 

COX is the pivotal enzyme in prostaglandin synthesis. It 
has been established that this enzyme exists in two isoforms, 
one constitutive (COX-1) and one inducible (COX-2).! 
The constitutive form is responsible for the normal physio- 
logic biosynthesis, whereas the inducible COX-2 is activated 
during inflammation.'®*' Park et al!® demonstrated that 
the expression of COX-2 was increased as a consequence of 
bladder outflow obstruction. If prostaglandins generated 
by COX-2 contribute to bladder overactivity, selective 
inhibitors of COX-2 would, theoretically, be one possible 
target for pharmacologic therapy. Whether or not available 
selective COX-2 inhibitors would be useful as treatment for 
bladder overactivity remains to be established. 

Lee et al'® investigated whether a new PE, receptor 
antagonist, PF-2907617-02, would influence the regula- 
tion of normal micturition in rats, if it affected bladder 
function in animals with partial BOO. They found PF- 
2907617-02 to have a significantly increased bladder 
capacity, micturition volume, and micturition interval, 
but no effect on other urodynamic parameters. 
Intravesical PGE, induced detrusor overactivity. The 
antagonist significantly reduced the stimulatory effects of 
PGE). In obstructed animals, PF-2907617-02 significantly 
increased micturition interval, but not bladder capacity 
and residual volume. The drug also decreased the fre- 
quency and amplitude of nonvoiding contractions. The 
authors concluded that the EP, receptor was involved in 
the initiation of the micturition reflex, both in normal 
rats and in animals with BOO. It may also contribute to 
the generation of detrusor overactivity after BOO, thus 
EP, antagonists may have potential as a treatment of 
detrusor overactivity in humans. 


Nitric oxide Evidence has accumulated that L-arginine- 
derived NO is responsible for the main part of the 
inhibitory NANC responses in the lower urinary tract.” 
However, NO may have different roles in the bladder and 
the urethra. 
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Nitrergic nerves: In biopsies taken from the lateral wall 
and trigone regions of the human bladder, a plexus of 
NADPH-diaphorase-containing nerve fibers was found.!* 
Samples from the lateral bladder wall contained many 
NADPH-reactive nerve terminals, particularly in the 
subepithelial region immediately beneath the urothelium; 
occasionally they penetrated into the epithelial layer. 
Immunohistochemical investigations of pig bladder 
revealed that the density of NO synthase (NOS) 
immunoreactivity was higher in trigonal and urethral 
tissue than in the detrusor.'® 


Functional effects of NO: Relaxations to electrical stimu- 
lation were found in small biopsy preparations of the 
human detrusor.'® The relaxations were sensitive to the 
NOS-inhibitor nitro L-arginine (L-NOARG), but insensi- 
tive to tetrodotoxin, and it was suggested that NO, gener- 
ated from the detrusor, was important for bladder 
relaxation during the filling phase. However, Elliott and 
Castleden!” were unable to demonstrate a nerve-mediated 
relaxation in human detrusor. In the pig detrusor, the NO 
donor SIN-1, and exogenous NO relaxed muscle prepara- 
tions, which were precontracted by carbachol and 
endothelin-1, by approximately 60%. However, isopre- 
naline was about 1000 times more potent than SIN-1 and 
NO and caused complete relaxation. Nitroprusside, SIN-1, 
and NO were only moderately effective in relaxing isolated 
rat, pig, and rabbit detrusor muscle, compared to their 
effects on the urethral muscle. 168171172 

It appears to be unlikely that NO has a major role as a 
neurotransmitter causing direct relaxation of the detrusor 
smooth muscle, since the detrusor sensitivity to NO and 
agents acting via the cyclic GMP system is low.'”* This is 
also reflected by the finding in rabbits that cyclic GMP is 
mainly related to urethral relaxation, and cyclic AMP to 
urinary bladder relaxation.'”* However, this does not 
exclude that NO may modulate the effects of other trans- 
mitters, or that it has a role in afferent neurotransmission. 


Phosphodiesterases LUT smooth muscle can be relaxed 
by drugs increasing the intracellular concentrations of 
cyclic AMP (cAMP) or cyclic GMP (cGMP),!©!73175 
Multiple types of adenylyl cyclases exist, which catalyze the 
formation of cAMP.'!77 In LUT smooth muscles, 
increases in cAMP seem to have a main role in bladder 
relaxation, whereas cGMP is important for urethral 
relaxation.!°172174175.178 Several agents, acting through 
different receptors linked to adenylyl cyclase, or directly 
stimulating the enzyme, have been shown to relax the 
bladder and simultaneously to increase the intracellular 
concentrations of cAMP. Many endogenous agents as well 
as drugs have cGMP as their common mediator in eliciting 
different physiologic responses. There are multiple types of 
soluble and particulate guanylyl cyclases which catalyze 
cGMP synthesis.'” Soluble guanylyl cyclase is the target of 


NO, which binds to its heme moiety and activates the 
enzyme, with resulting increase in cGMP. cGMP, in turn, 
regulates protein phosphorylation, ion channel conductivity, 
and phosphodiesterase (PDE) activity. 

Both cAMP and cGMP are degraded by PDEs, a het- 
erogenous group of hydrolytic enzymes.!80%-183 Since 
cAMP seems to be more important than cGMP for detru- 
sor function, the cAMP pathway in this tissue has been 
the most extensively investigated. Truss et al!84-188 
demonstrated the presence of five PDE isoenzymes 
(PDE1-5) in human and porcine detrusor and suggested 
that the cAMP pathway and the calcium/calmodulin- 
stimulated PDE (PDE1) could be of functional impor- 
tance in the regulation of detrusor tone. The same 
enzymes were demonstrated in the rat'® and rabbit blad- 
der.'*° Further studies revealed messenger RNA for PDEs 
1A, 1B, 2A, 4A, 4B, 5A, 7A, 8A, and 9A in human bladder 
tissue.'** PDE1 was shown to be localized to the epithe- 
lium of the human urinary tract, including ureteral and 
bladder urothelium.’”! 

Significant relaxation of human detrusor muscle in 
vitro, paralleled by increases in cyclic nucleotide levels, was 
induced by papaverine, vinpocetine (nonselective inhibitor 
of PDE1), and forskolin, suggesting that the cAMP path- 
way and PDE]! may be important in regulation of smooth 
muscle tone.'®° In vitro, human detrusor muscle was rela- 
tively inert to sodium nitroprusside, and to agents acting 
via the cGMP system.'*° However, animal studies indicated 
that the NOS pathway involves not only the detrusor but 
also the urothelium/suburothelium, and the urothelium 
expresses nNOS and produces GMP.!!%!'1'° This would 
mean that also inhibitors of cGMP degradation could 
influence bladder function via these structures. However, it 
has not been established which PDE enzymes are located to 
these tissues. PDE4 has been implicated in the control of 
bladder smooth muscle tone. PDE4 inhibitors reduced the 
in-vitro control response of guinea pig,'? rat,!** and non- 
human primate bladder strips,'!°* and also suppressed 
rhythmic bladder contractions of the isolated guinea pig 
bladder.'!!! PDE inhibition (PDE4 and 5), alone or in com- 
bination, for treatment of LUTS seems to deserve further 
exploration. 

Based on these findings, it was speculated that some 
PDE] inhibitors might be beneficial in the treatment of 
OAB and low-compliance bladder through relaxation of 
bladder smooth muscle.'** Truss et al'** presented prelimi- 
nary clinical data with the PDE1 inhibitor vinpocetine in 
OAB patients not responding to standard antimuscarinic 
therapy, which suggested a possible role for vinpocetine in 
the treatment of urgency, frequency, and urge inconti- 
nence. The results of a larger randomized, double-blind, 
placebo-controlled, multicenter trial with vinpocetine 
showed a tendency in favour of vinpocetine over placebo; 
however, statistically significant results were documented 
for one parameter only.'®° 
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Summary 


There is abundant evidence that cholinergic neurotrans- 
mission is predominant in the activation of the human 
detrusor. This may not be the case in animals, which 
should be considered when animal models are used for 
study of bladder function. Release of ACh, which stimu- 
lates M; and M, receptors on the detrusor smooth muscle 
cells, will lead to bladder contraction. Other neurotrans- 
mitters/modulators (e.g. ATP) have been demonstrated in 
the bladder of both animals and humans, but their roles in 
the human bladder remain to be established. 


Urethra 


Sufficient contraction of the urethral smooth muscle is an 
important function to provide continence during the stor- 
age phase of the micturition cycle. Equally important is a 
coordinated and complete relaxation during the voiding 
phase. The normal pattern of voiding in humans is charac- 
terized by an initial drop in urethral pressure followed by an 
increase in intravesical pressure.” The mechanism of this 
relaxant effect has not been definitely established, but sev- 
eral factors may contribute. One possibility is that the drop 
in intraurethral pressure is caused by stimulation of mus- 
carinic receptors on noradrenergic nerves, diminishing NA 
release and thereby tone in the proximal urethra. Another is 
that contraction of longitudinal urethral smooth muscle in 
the proximal urethra, produced by released ACh, causes 
shortening and widening of the urethra, with a concomi- 
tant decrease in intraurethral pressure. A third possibility is 
that a NANC mechanism mediates this response.” 


Cholinergic mechanisms 


Cholinergic nerves The urethral smooth muscle receives 
a rich cholinergic innervation, of which the functional role 
is largely unknown. Most probably, the cholinergic nerves 
cause relaxation of the outflow region at the start of 
micturition by releasing NO and other relaxant 
transmitters, based on the principle of cotransmission, as 
multiple transmitters were found to be colocalized in 
cholinergic nerves. In pig urethra, colocalization studies 
revealed that AChE-positive and some NOS-containing 
nerves had profiles that were similar. These nerves also 
contained NPY and VIP. NO-containing nerves were 
present in a density lower than that of the AChE positive 
nerves, but higher than the density of any peptidergic 
nerves.'° Coexistence of ACh and NOS in the rat 
major pelvic ganglion was demonstrated by double 
immunohistochemistry.'” In the rat urethra, colocalization 
studies confirmed that NOS and VIP are contained within 
a population of cholinergic nerves.!” 


Muscarinic receptors In rabbits, there are fewer 
muscarinic receptor binding sites in the urethra than in 
the bladder.” Muscarinic receptor agonists contract 
isolated urethral smooth muscle from several species, 
including humans, but these responses seem to be 
mediated mainly by the longitudinal muscle layer.” 
Investigating the whole length of the female human 
urethra, it was found that ACh contracted only the 
proximal part and the bladder neck.’” If this contractile 
activation is exerted in the longitudinal direction, it 
should be expected that the urethra is shortened and that 
the urethral pressure decreases. Experimentally, in-vitro 
resistance to flow in the urethra was only increased by 
high concentrations of ACh.*?°! However, in humans, 
tolerable doses of bethanechol and emeprone had little 
effect on intraurethral pressure.” 

Prejunctional muscarinic receptors may influence the 
release of both noradrenaline (NA) and ACh in the bladder 
neck/urethra. In urethral tissue from both rabbit and 
humans, carbachol decreased and scopolamine increased 
concentration-dependently the release of [PH] NA from 
adrenergic, and of [°H] choline from cholinergic nerve 
terminals.” This would mean that released ACh could 
inhibit NA release, thereby decreasing urethral tone and 
intraurethral pressure. 

Studies in the pig urethra show that M, receptors are 
predominant over M; Additionally, contraction of the cir- 
cular muscle appears to be mediated by M, and M;, while 
the longitudinal response is mainly mediated by M; recep- 
tors.” This may have clinical interest since subtype-selec- 
tive antimuscarinic drugs (M;) are being introduced as a 
treatment of bladder overactivity. 


Adrenergic mechanisms 


Adrenergic nerves The well-known anatomic differences 
between the male and female urethra are also reflected in 
the innervation. In the human male, the smooth muscle 
surrounding the preprostatic part of the urethra is richly 
innervated by both cholinergic and adrenergic nerves, and 
considered a ‘sexual sphincter, contracting during 
ejaculation and thus preventing retrograde transport of 
sperm.” The role of this structure in maintaining 
continence is unclear, but probably not essential. 

In the human female, the muscle bundles run obliquely 
or longitudinally along the length of the urethra, and in the 
whole human female urethra, as well as in the human male 
urethra below the preprostatic part, there is only a scarce 
supply of adrenergic nerves.” Fine varicose nerve termi- 
nals can be seen along the bundles of smooth muscle cells, 
running both longitudinally and transversely. Adrenergic 
terminals can also be found around blood vessels. 
Colocalization studies in animals have revealed that adren- 
ergic nerves, identified by immunohistochemistry using 
tyrosine hydroxylase (TH), also contain NPY.” Chemical 
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sympathectomy in rats resulted in a complete disappear- 
ance of the adrenergic nerves, while NOS-containing nerve 
fibers were not affected by the treatment.” This suggests 
that NOS is not contained within adrenergic nerves. 

Both a- and B-ARs have been found in isolated urethral 
smooth muscle from animals as well as humans.700?!0?!? 


a-Adrenoceptors In humans, up to about 50% of the 
intraurethral pressure is maintained by stimulation of o- 
ARs, as judged from results obtained with o-AR 
antagonists and epidural anesthesia in urodynamic 
studies.7!37!4 In human urethral smooth muscle, both 
functional and receptor binding studies have suggested that 
the o.,-AR subtype is the predominating postjunctional o- 
AR.?!5 However, most in-vitro investigations of human 
urethral &-ARs were done in males, and the results support 
the existence of a sphincter structure in the male proximal 
urethra, which cannot be found in the female. Other 
marked differences between sexes in the distribution of œ- 
and œ,-ARs (as found in, for example, rabbits), or in the 
distribution of &,-AR subtypes, do not seem to occur.?'® 

Separating the entire length of the isolated female 
human urethra into seven parts, from the external meatus 
to the bladder neck, it was found that NA (a, and œ), but 
not clonidine (œ), produced concentration-dependent 
contractions in all parts, with a peak in the middle to prox- 
imal urethra.’” Also a similarity in patterns between NA- 
induced contraction and the urethral pressure profile in 
the human urethra was demonstrated. 

Among the three high affinity o,-AR subtypes (Q;,; Op) 
Op) identified in molecular cloning and functional studies, 
1, seems to predominate in the human lower urinary tract. 
However, a receptor with low affinity for prazosin (the 0,;- 
AR) was found to be prominent in the human male urethra 
and may represent a functional phenotype of the Oj,- 
AR.'7?18 In the human female urethra, the expression and 
distribution of 0.,-AR subtypes were determined and mRNA 
for the 0, subtype was predominant. Autoradiography con- 
firmed the predominance of the ,,-AR.”!° 

The studies cited above suggest that the sympathetic 
innervation helps to maintain urethral smooth muscle tone 
through o,-AR receptor stimulation. If urethral 0,-ARs are 
contributing to the lower urinary tract symptoms, which 
can also occur in women, an effect of &,-AR antagonists 
should be expected in women with these symptoms.”!?””° 
This was found to be the case in some studies, but was not 
confirmed in a randomized, placebo-controlled pilot study, 
which showed that terazosin was not effective for the treat- 
ment of ‘prostatism-like’ symptoms in aging women.”! 

Urethral @,-ARs are able to control the release of NA 
from adrenergic nerves, as shown in in-vitro studies. In the 
rabbit urethra, incubated with [*H]NA, electrical stimula- 
tion of nerves caused a release of [*H], which was 
decreased by NA and clonidine and increased by the ,-AR 
antagonist rauwolscine.*™ Clonidine was shown to reduce 


intraurethral pressure in humans, an effect that may be 
attributed partly to a peripheral effect on adrenergic nerve 
terminals.” More probably, however, this effect is exerted on 
the central nervous system with a resulting decrease in periph- 
eral sympathetic nervous activity. The subtype of prejunc- 
tional o,-AR involved in [*7H]NA secretion in the isolated 
guinea pig urethra was suggested to be of the 0,4 subtype.** 

Prejunctional o,-AR regulation of transmitter release is 
not confined to adrenergic nerves.” Electrical field stimu- 
lation (EFS; frequencies above 12 Hz) of spontaneously 
contracted smooth muscle strips from the female pig ure- 
thra evoked long-lasting, frequency-dependent relaxations 
in the presence of prazosin, scopolamine, and the NOS 
inhibitor L-NOARG, suggesting the release of an unknown 
relaxation-producing mediator. Treatment with a selective 
Q,-AR agonist markedly reduced the relaxations evoked by 
EFS at all frequencies tested (16-30 Hz). This inhibitory 
effect was completely antagonized by the a ,-AR antagonist 
rauwolscine, and the results suggested that the release of 
the unknown mediator in the female pig urethra can be 
modulated via @-ARs.’” 


B-Adrenoceptors In humans, the B-ARs in the bladder 
neck were suggested to be of the B, subtype, as shown 
by receptor binding studies using subtype selective 
antagonists.””* However, B,-ARs can be found in the striated 
urethral sphincter.” 

Although the functional importance of urethral B-ARs 
has not been established, they have been targets for ther- 
apeutic intervention. Selective B,-AR agonists have been 
shown to reduce intraurethral pressure, while B-AR 
antagonists did not influence intraurethral pressure in 
acute studies.”*°°”? The theoretic basis for the use of B- 
AR antagonists in the treatment of stress incontinence is 
that blockade of urethral B-ARs may enhance the effects 
of NA on urethral &-ARs. Even if propranolol has been 
reported to have beneficial effects in the treatment of 
stress incontinence, this does not seem to be an effective 
treatment." 

After selective B,-AR antagonists have been used as a 
treatment of stress incontinence, it seems paradoxical that 
the selective B,-AR agonist clenbuterol was found to cause 
significant clinical improvement in women with stress 
incontinence.” The positive effects were suggested to be a 
result of an action on urethral striated muscle and/or the 
pelvic floor muscles.””>*! 


Nonadrenergic, noncholinergic 
mechanisms 


The mechanical response to autonomic nerve stimulation 
and to intra-arterial ACh injection on resistance to flow 
in the proximal urethra was tested in male cats. It was 
found that sacral ventral root stimulation produced an 
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atropine-sensitive constriction when basal urethral resis- 
tance was low, but dilatation when resistance was high.?** 
The latter response was reduced, but not abolished, by 
atropine. When urethral constriction had been produced 
by phenylephrine, injection of ACh produced a consistent 
decrease in urethral resistance, which was then not reduced 
by atropine. It was suggested that parasympathetic dilata- 
tion of the urethra may be mediated by an unknown 
NANC transmitter released from postganglionic neurons. 
The predominant transmitter is believed to be NO. 


Nitric oxide NO has been shown to be an important 
inhibitory neurotransmitter in the lower urinary tract.'*7 
NO-mediated responses in smooth muscle preparations are 
found to be linked to an increase in cGMP formation, 
which has been demonstrated in several urethra 
preparations.!7*'74!78254 Subsequent activation of a 
cGMP-dependent protein kinase (cGK) has been suggested 
to hyperpolarize the cell membrane, probably by causing a 
leftward shift of the activation curve for the Kt-channels, 
thereby increasing their open probability.” There have 
also been reports suggesting that NO in some smooth 
muscles might act directly on the K* channels.” Other 
mechanisms for NO-induced relaxations, mediated by 
cGMP, might involve reduced intracellular Ca?* levels 
by intracellular sequestration, or reduced sensitivity of 
the contractile machinery to Ca’, both mechanisms 
acting without changing the membrane _potential.**” 
Electrophysiologic registrations from urethral smooth 
muscle are scarce; however, following NANC stimulation in 
some preparations of urethral smooth muscle from male 
rabbits, a hyperpolarization was found.” 

Persson et al**! investigated the cGMP pathway in mice 
lacking cGK type I (cGKI). In the wild-type controls, EFS 
elicited frequency-dependent relaxations in urethral 
preparations. The relaxations were abolished by L-NOARG, 
and instead a contractile response occurred. In cGKI —/— 
urethral strips, the response to EFS was practically absent, 
but a small relaxation generally appeared at high stimula- 
tion frequencies (16-32 Hz). This relaxant response was 
not inhibited by L-NOARG, suggesting the occurrence of 
additional relaxant transmitter(s).7“! 

The abundant occurrence of NOS-immunoreactive (IR) 
nerve fibers in the rabbit urethra also supports the present 
view of NO as the main inhibitory NANC mediator.!” 
Using cGMP antibodies, target cells for NO were localized 
in rabbit urethra. Spindle-shaped cGMP-IR cells, distinct 
from the smooth muscle cells, formed a network around 
and between the urethral smooth muscle bundles.”*” 
Similar cGMP-IR interstitial cells were found in guinea pig 
and human bladder/urethra, but in contrast to the findings 
in rabbits, smooth muscle cells with cGMP immunoreac- 
tivity were found in the urethral tissues, following stimula- 
tion with sodium nitroprusside.” The occurrence of cyclic 
GMP immunoreactivity in smooth muscle cells seems 


logical, since NO is believed to stimulate guanylyl cyclase 
with subsequent cGMP formation in the cells. 

The function of the interstitial cells has not been estab- 
lished, but since they have morphologic similarities to the 
interstitial cells of Cajal (ICC) in the gut, which are con- 
sidered pacemaker cells, it has been speculated that they 
also may have a similar function in the lower urinary tract. 
Studies performed in rabbit urethral tissue showed regular 
spontaneous depolarization of these interstitial cells, sug- 
gesting that they indeed may have pacemaker function.” 
The specific marker for ICC, c-kit, was used to demon- 
strate these cells also in the guinea pig bladder, further 
suggesting the existence of this mechanism in the lower 
urinary tract.” 


Role of phosphodiesterases NO has been demonstrated 
to be an important inhibitory neurotransmitter in the 
smooth muscle of the urethra and its relaxant effect is 
associated with increased levels of cGMP.'° However, few 
investigations have addressed the cAMP- and cGMP- 
mediated signal transduction pathways and their key 
enzymes in the mammalian urethra. Morita et al! 
examined the effects of isoproterenol, prostaglandin E1 and 
E2, and SNP on the contractile force and tissue content of 
cAMP and cGMP in the rabbit urethra. They concluded 
that both cyclic nucleotides can produce relaxation of the 
urethra. Werkstrom et als demonstrated the significance 
of NO and cGMP in the control of urethral relaxation. 
Using female pig urethral smooth muscle, they studied 
NANC relaxations induced by means of electrical field 
stimulation, and observed that the NOS inhibitor nitro- 
L-arginine (L-NOARG) inhibited relaxations registered 
at low frequencies of stimulation. Measurement of cyclic 
nucleotides in preparations subjected to continuous nerve 
stimulation revealed an increase in cGMP. In the presence 
of L-NOARG, there was a significant decrease in cGMP 
content in comparison to the control tissue. Werkstrom et 
al also characterized the distribution of PDE-5, cGMP, and 
PKG] in female pig and human urethra, and evaluated the 
effect of pharmacologic inhibition of PDE-5 in isolated 
smooth muscle preparations. After stimulation with the 
NO donor, DETA NONO-ate, the cGMP immunoreactivity 
in urethral and vascular smooth muscles increased. There 
was a wide distribution of cGMP- and vimentin-positive 
interstitial cells between pig urethral smooth muscle 
bundles. PDE-5 immunoreactivity could be demonstrated 
within the urethral and vascular smooth muscle cells, but 
also in vascular endothelial cells that expressed cGMP-IR. 
Nerve-induced relaxations of urethral preparations were 
enhanced at low concentrations of sildenafil, vardenafil, 
and tadalafil, whereas there were direct smooth muscle 
relaxant actions of the PDE-5 inhibitors at high 
concentrations. The occurrence of other cGMP-degrading 
PDEs in the male urethral structures does not seem to have 
been studied. 
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Randomized-controlled studies (RCTs) on sildenafil?“* 
and tadalafil, respectively, analyzed the impact of PDE-5 
inhibitors on lower urinary tract symptoms. Both studies 
found significant improvements in symptom scores 
(International Prostate Symptom Score), but there was 
interestingly no change in maximum flow rate. Thus, the 
mechanism and site(s) of action for these positive effects of 
the PDE-5 inhibitors have not been established. The lack of 
effect on flow rate suggests that the site action may be dif- 
ferent from that of &,-AR antagonists. Considering pre- 
clinical experimental evidence, a relaxant effect on urethral 
smooth muscle could be expected, and may not be com- 
pletely excluded. 


Carbon monoxide The role of CO in urethral function is 
still controversial. It has been assumed that CO causes 
relaxation through the cGMP pathway. A weak relaxant 
effect of exogenous CO, compared to NO, was found in the 
rabbit urethra, suggesting that CO is not an important 
mediator of relaxation in this tissue.” However, there 
are known interspecies differences of urethral relaxant 
responses to CO. In guinea pig urethras the maximal 
relaxant response to CO did not exceed 15 + 3%, 
compared to 40 + 7% in pigs.”*4° The distribution of the 
CO-producing enzymes heme oxygenases HO-1 and HO-2 
was investigated in urethral smooth muscle of several 
species. In guinea pigs, HO-2 immunoreactivity was found 
in all nerve cell bodies of intramural ganglia, localized 
between smooth muscle bundles in the detrusor, bladder 
base, and proximal urethra.” In the pig urethra, HO-2 
immunoreactivity was found in coarse nerve trunks, and 
HO-1 immunoreactivity in nerve cells, coarse nerve 
trunks, and varicose nerve fibers within urethral smooth 
muscle. In strip preparations, exogenously applied CO 
evoked a small relaxation associated with a small increase 
in cyclic GMP, but not cyclic AMP, content.” However, 
HO-2 and the NO-producing enzyme neuronal NO 
synthase (nNOS) were found coexisting in nerve trunks 
of human male and female urethras, suggesting the 
possibility of interaction between both systems.”*! 

Naseem et al”? found that, in the presence of hydrogen 
peroxide, the relaxation responses to both CO and NO in the 
rabbit urethra were significantly increased, and it was sug- 
gested that hydrogen peroxide may amplify NO- and CO- 
mediated responses. In pigs, an even more pronounced 
increase in relaxant response to CO in female pig urethra, 
using YC-1, a stimulator of sGC, suggested a possible role for 
CO as potential messenger function for urethral relaxation.” 


Vasoactive intestinal peptide In various species, VIP- 
containing urethral ganglion cells have been demonstrated, 
and numerous VIP immunoreactive nerve fibers have been 
observed around ganglion cells, in the bladder neck, in the 
urethral smooth muscle layers, in lamina propria, and in 
association with blood vessels.’ However, whether the 
findings have relevance in man is not proven. 


In the pig urethra, VIP and NOS seem to be partly 
colocalized within nerve fibers.'*° In the rabbit urethra VIP- 
IR nerve fibers occurred throughout the smooth muscle 
layer, although the number of nerves was lower than that of 
NOS-IR structures and a marked relaxation of the isolated 
rabbit urethral muscle to VIP was reported.” Both pelvic 
and hypogastric nerve stimulation in dogs increased the 
bladder venous effluent VIP concentration, supporting the 
view that VIP can be released also from urethral nerves.'* 
VIP had a marked inhibitory effect on the isolated female 
rabbit urethra contracted by NA or EFS, without affecting 
NA release, but in human urethral smooth muscle, relaxant 
responses were less consistent. However, a modulatory role in 
neurotransmission could not be excluded.” Infusion of VIP 
in humans, in amounts that caused circulatory side-effects, 
had no effects on urethral resistance, despite the fact that 
plasma concentrations of VIP were obtained which, in other 
clinical investigations, had been sufficient to cause relaxation 
of the lower esophageal sphincter and to depress uterine con- 
tractions.'“* Therefore, the physiologic importance of VIP for 
the lower urinary tract function in humans was questioned, 
and it is still unclear whether or not VIP contributes to 
NANC-mediated relaxation of the human urethra.'“# 


NANC neurotransmission: ATP ATP has been found to 
cause smooth muscle relaxation via G-protein coupled 
P2Y receptors.** ATP may also induce relaxation via 
breakdown to adenosine. In strips of precontracted guinea 
pig urethra, it was found that ATP caused relaxation 
and inhibited spontaneous electrical activity.’ In 
precontracted preparations ATP had almost no effect on 
EFS-induced relaxation in isolated male rabbit circular 
urethral smooth muscle; however, suramin, a nonselective 
P2Y-purinoceptor antagonist, and L-NOARG, both 
concentration-dependently attenuated the relaxation. ATP 
and related purine compounds (adenosine, AMP, and 
ADP) each reduced induced tonic contractions in a 
concentration-dependent manner. The outflow of ATP, 
measured using the luciferase technique, was markedly 
increased by EFS. The findings suggested that P2Y 
purinoceptors exist in the male rabbit urethra, and that 
ATP and related purine compounds may play a role in 
NANC neurotransmission. This conclusion was further 
supported in studies on circular strips of hamster proximal 
urethra precontracted with arginine vasopressin. EFS 
caused frequency-dependent relaxations, which were 
attenuated by suramin and reactive blue. Exogenous ATP 
produced concentration-related relaxations, which were 
also attenuated by suramin and reactive blue.” The 
relevance of this system in man remains to be established. 


Summary 


Available information supports the idea that sympathetic 
activity, via release of NA and stimulation of urethral 
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smooth muscle o,-ARs, is a main factor in the mainte- 
nance of intraurethral pressure and thus of continence. 
NO, produced by NOS within cholinergic nerves, seems to 
be the predominant inhibitory neurotransmitter in the 
urethra, even if there is good evidence for the existence of 
other, as yet unidentified, inhibitory transmitters. 
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Integrated physiology of the lower urinary tract 
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Introduction 


The urinary bladder and its outlet, the urethra, serve two 
main functions: (1) storage of urine without leakage and 
(2) periodic release of urine. These two functions are 
dependent on central as well as peripheral autonomic and 
somatic neural pathways.'® Since the lower urinary tract 
switches in an all-or-none manner between storage and 
elimination of urine, many of the neural circuits control- 
ing voiding exhibit phasic patterns of activity rather than 
tonic patterns occurring in autonomic pathways to other 
viscera. Micturition is also a special visceral mechanism 
because it is dependent on voluntary control, which 
requires the participation of higher centers in the brain, 
whereas many other visceral functions are regulated invol- 
untarily. Because of these complex neural regulations, the 
central and peripheral nervous control of the lower urinary 
tract is susceptible to a variety of neurologic disorders. This 
chapter will summarize clinical and experimental data to 
describe the complexity of the peripheral and central 
nervous systems controling urine storage and elimination 
in the lower urinary tract. 


Peripheral nervous system 


Efferent pathways of the 
lower urinary tract 


During urine storage, the bladder outlet is closed and detru- 
sor (bladder smooth muscle) is quiescent, allowing intra- 
vesical pressure to remain low over a wide range of bladder 
volumes. On the other hand, during voluntary voiding, the 
initial event is a relaxation of striated urethral muscles, fol- 
lowed by a detrusor muscle contraction. These two different 
activities are mediated by three sets of peripheral nerves: 
parasympathetic (pelvic), sympathetic (hypogastric), and 
somatic (pudendal) nerves (Figure 7.1):” 


Dorsal root 
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(somatic) ; Urinary bladder 
€ — Bladder neck & internal sphincter 
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erena > Efferent External urethral sphincter 
(striated muscle) 
Figure 7.1 


Sympathetic, parasympathetic, and somatic innervation of the 
lower urinary tract. Sympathetic preganglionic pathways emerge 
from the thoracolumbar cord (Th,,—L,) and pass to the inferior 
mesenteric ganglia. Preganglionic and postganglionic 
sympathetic axons then travel in the hypogastric nerve to the 
pelvic ganglia and lower urinary tract. Parasympathetic 
preganglionic axons which originate in the sacral cord (S,—S,) 
pass in the pelvic nerve to ganglion cells in the pelvic ganglia 
and postganglionic axons innervate the bladder and urethral 
smooth muscle. Sacral somatic pathways are contained in the 
pudendal nerve, which provides an innervation to the external 
urethral sphincter striated muscles. Afferent axons from the 
lower urinary tract are carried in these three nerves. 
(Reproduced from Yoshimura and de Groat with permission.) 


1. Pelvic parasympathetic nerves, which arise at the 
sacral level of the spinal cord, provide an excitatory 
input to the bladder and an inhibitory input to the 
urethral smooth muscle to eliminate urine. 

2. Hypogastric sympathetic nerves, which arise at the 
upper lumbar level of the spinal cord, excite the 
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internal sphincter smooth muscle and inhibit the 
detrusor to store urine. 

3. Pudendal somatic nerves, which arise at the sacral level 
of the spinal cord, elicit excitatory effects to the exter- 


nal sphincter striated muscle to facilitate urine storage 
in the bladder. 


Parasympathetic pathways 


Parasympathetic preganglionic neurons (PGNs) innervating 
the lower urinary tract are located in the lateral part of the 
sacral intermediate gray matter in a region termed the sacral 
parasympathetic nucleus (SPN).'*"1! Parasympathetic PGNs 
send axons through the ventral roots to peripheral ganglia, 
where they release the excitatory transmitter acetylcholine 
(ACh) which activates postsynaptic ganglionic-type nicotinic 
receptors.”*’ Parasympathetic postganglionic neurons in 
humans are located in the detrusor wall layer and not as an 
independent ganglion, which is known as the major pelvic 
ganglion in the rodent. Parasympathetic postganglionic 
nerve terminals release ACh, which can excite various mus- 
carinic receptors in bladder smooth muscles.’ Both M2 
and M3 muscarinic subtypes are found in bladder smooth 
muscle. Studies of subtype-selective receptor knockout mice 
revealed that the M3 subtype is the major receptor in bladder 
contractions. !°!” 

The postganglionic parasympathetic input to the 
urethra elicits inhibitory effects mediated at least in part 


sphincter (EUS) afferents have the same 
distribution as visceral afferents. Genital (glans 
penis/clitoris) afferent fibers are contained in 
the pudendal nerves. Cutaneous perineal 
afferent components represent afferent fibers 
that innervate the perineal skin and that are 
contained in the pudendal nerve. Muscle 
spindle afferent components represent 10/8 
afferent fibers contained in the levator ani 
nerve that innervate muscle spindles in the 
levator ani muscle. SPN, sacral 
parasympathetic nucleus; LCP, lateral collateral 
afferent projection; MCP, medial collateral 
afferent projection. (Reproduced from de Groat 
et al with permission.)°° 


via the release of nitric oxide (NO), which directly relaxes 
the urethral smooth muscle.'*** Several neuropeptides, 
including vasoactive intestinal polypeptide (VIP) and 
neuropeptide Y (NPY), are also released at postganglionic 
neurons, which may function as modulators of neural 
transmission.*>*° Thus, the excitation of sacral parasympa- 
thetic efferent pathways induces a bladder contraction and 
urethral relaxation to promote bladder emptying during 
voiding (Figure 7.2). 


Sympathetic pathways 


Sympathetic outflow from the rostral lumbar spinal cord 
provides a noradrenergic excitatory and inhibitory input to 
the bladder and urethra'® to facilitate urine storage. The 
peripheral sympathetic pathways follow a complex route 
which passes through the sympathetic chain ganglia to the 
interior mesenteric ganglia and then via the hypogastric 
nerves to the pelvic ganglia (see Figure 7.1). Sympathetic 
PGNs make synaptic connections with postganglionic neu- 
rons in the inferior mesenteric ganglion as well as with post- 
ganglionic neurons in the paravertebral ganglia and pelvic 
ganglia." Ganglionic transmission in sympathetic path- 
ways is also mediated by ACh acting on ganglionic-type 
nicotinic receptors. Sympathetic postganglionic terminals 
which release norepinephrine elicit contractions of bladder 
base and urethral smooth muscle and relaxation of the 
bladder body to facilitate urine storage.!!%"° 
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Somatic pathways 


Somatic efferent motoneurons which innervate the exter- 
nal striated urethral sphincter muscle and the pelvic floor 
musculature are located along the lateral border of the ven- 
tral horn in the sacral spinal cord, commonly referred to as 
the Onuf’s nucleus (see Figure 7.2).°' Sphincter motor 
neurons also exhibit transversely oriented dendritic bun- 
dles that project laterally into the lateral funiculus, dorsally 
into the intermediate gray matter, and dorsomedially 
toward the central canal. Somatic nerve terminals release 
ACh, which acts on skeletal muscle type nicotinic receptors 
to induce a muscle contraction (see Figure 7.1). 

Combined activation of sympathetic and somatic path- 
ways elevates bladder outlet resistance and contributes to 
urinary continence. This condition is usually found when 
one feels a ‘strong desire to void’ in the storage phase, being 
evident with increased external sphincteric EMG activity in 
the urodynamic study. 


Afferent pathways of the 
lower urinary tract 


The pelvic, hypogastric, and pudendal nerves also contain 
afferent axons that transmit information from the lower 
urinary tract to the lumbosacral spinal cord.”**** The pri- 
mary afferent neurons of the pelvic and pudendal nerves 
are contained in sacral dorsal root ganglia, whereas afferent 
innervation in the hypogastric nerves arises in the rostral 
lumbar dorsal root ganglia (see Figure 7.1). The central 
axons of the dorsal root ganglion neurons carry the sensory 
information from the lower urinary tract to second-order 
neurons in the spinal cord.’*!!*!? Visceral afferent fibers of 
the pelvic'! and pudendal’! nerves enter the cord and travel 
rostrocaudally within Lissauer’s tract (see Figure 7.2). 

Sensory information, including the feeling of bladder 
fullness or bladder pain, is conveyed to the spinal cord via 
afferent axons in the pelvic and hypogastric nerves.*?** 
Pelvic nerve afferents, which monitor the volume of the 
bladder and the amplitude of the bladder contractions, 
consist of small myelinated Ad and unmyelinated C axons. 
Electrophysiologic studies in cats and rats have revealed 
that the normal micturition reflex is mediated by myeli- 
nated A6-fiber afferents, which respond to bladder disten- 
tion (Figure 7.3).4°*° 

While sensing bladder volume is of particular relevance 
during urine storage, afferent discharges that occur during 
a bladder contraction have an important reflex function 
and appear to reinforce the central drive that maintains 
bladder contractions.” Afferent nerves that respond both 
to distention and contraction, i.e. ‘in series tension recep- 
tors, have been identified in the pelvic and hypogastric 
nerves of cats and rats.” Afferents that respond only to 
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Figure 7.3 

The central reflex pathways that regulate micturition in the cat 
and rat. In animals such as cats and rats with an intact neuraxis, 
micturition is initiated by a supraspinal reflex pathway passing 
through the pontine micturition center (PMC) in the brainstem. 
The pathway is triggered by myelinated afferents (AS) connected 
to tension receptors in the bladder wall (Bladder). Spinal tract 
neurons carry information to the brain. PMC is controlled by 
excitatory and inhibitory pathways (+/-) in cortical and 
diencephalic mechanisms. In spinalized animals, connection of 
the brainstem and the sacral spinal cord is interrupted (X) and 
micturition is initially blocked. In animals with chronic spinal 
cord injuries (SCI), a spinal reflex mechanism emerges which is 
triggered by unmyelinated (C-fiber) bladder afferents. The 
C-fiber reflex pathway is usually weak or undetectable in 
animals with an intact nervous system. Capsaicin blocks the 
C-fiber reflex in chronic SCI animals. Cold stimulation also 
activates the C-fiber-mediated micturition reflex. However, 
following SCI voiding, reflex in the rat is still triggered by 
myelinated Aô afferents connecting to spinal efferent 
mechanisms (Rat), whereas voiding reflex in the cat is totally 
abolished by capsaicin treatment. 


bladder filling have been identified in the rat bladder,*! and 
appear to be volume receptors, possibly sensitive to stretch 
of the mucosa. In the cat bladder, some ‘in series tension 
receptors’ may also respond to bladder stretch.” In the rat 
there is now evidence that many C-bladder afferents are 
volume receptors that do not respond to bladder contrac- 
tions, a property that distinguishes them from ‘in series 
tension receptors."! 

During inflammation and neuropathic conditions there 
is recruitment of C-fiber bladder afferents, which form a 
new functional afferent pathway that can cause bladder 
overactivity and bladder pain (Figure 7.3).*° In cats, 
C-fiber afferents have high thresholds and are usually 
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unresponsive to mechanical stimuli such as bladder 
distention and therefore have been termed ‘silent C fibers’. 
However, many of these fibers do respond to chemical, 
noxious, or cold stimuli.****+* Previous studies in the 
rat using patch clamp techniques revealed that C-fiber 
afferent neurons are relatively unexcitable due to the pres- 
ence of high-threshold, tetrodotoxin-resistant sodium 
channels and low-threshold A-type potassium channels.*° 
Activation of C-fiber afferents by chemical irritation 
induces detrusor overactivity, which is blocked by admin- 
istration of capsaicin, a neurotoxin of C-fiber affer- 
ents. 4748 However, since capsaicin does not block normal 
micturition in cats as well as rats, it appears that C-fiber 
afferents are not essential for normal conscious voiding 
(Figure 7.3).'4795! 

Afferent fibers innervating the urethra are also impor- 
tant to modulate lower urinary tract function (Figure 7.4). 
Talaat” has reported in dogs that urethral afferent fibers in 
the pelvic and pudendal nerves are sensitive to the passage 
of urine and that, during saline flow through the urethra, 
pudendal nerve afferents were activated at a much lower 
pressure in comparison to pelvic nerve afferents, discharges 
of which were induced by high-pressure flow that caused 
a distention of the urethra. High thresholds (over 60 
cmH,0O) for activation of urethral afferents in the pelvic 
nerves were also identified in rats.” It has also been docu- 
mented that conduction velocities of cat pudendal nerve 
afferent fibers responding to electrical stimulation of the 
urethra are approximately twice as fast (45 m/s) as pelvic 
nerve afferent fibers responding to the same stimulation 
(20 m/s).*4 In addition, urethral afferents in the pudendal 
and pelvic nerves of the cat seem to have different receptor 
properties. Pudendal nerve afferents responding to urine 
flow, some of which may be connected to Pacinian corpus- 
cle-like structures in the muscle layers and the deeper parts 
of urethral mucosa, exhibited a slowly adapting firing pat- 
tern,” whereas small myelinated or unmyelinated urethral 
afferents in the hypogastric nerves and myelinated urethral 
afferents in the pelvic nerves responding to urine flow or 
urethral distention are reportedly connected to rapidly 
adapting receptors.*?"* 

Nociceptive C fibers are also present in pelvic and puden- 
dal nerves innervating the urethra.°”°* Previous studies 
have demonstrated that C-fiber afferent fibers identified 
with positive staining of calcitonin gene-related peptide 
(CGRP) or substance P were found in the subepithelium, 
the submucosa, and the muscular layer in all portions of the 
urethra.°”°° Moreover, the activation of these urethral C 
fibers induced by urethral capsaicin application elicited 
nociceptive behavioral responses, which disappeared after 
pudendal nerve transection,°' and increased electromyo- 
graphic (EMG) activity of pelvic floor striated muscle, 
including the external urethral sphincter (EUS).°”** It is 
also known that urethral C-fiber activation by capsaicin 
suppressed reflex bladder contractions.” 
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Figure 7.4 

Urethra-to-bladder reflexes. Activity in afferent nerves (dashed 
lines) from the urethra can facilitate parasympathetic efferent 
outflow to the detrusor via a supraspinal pathway passing 
through the pontine micturition center (PMC) as well as by a 
spinal reflex pathway. Afferent input from the external urethral 
sphincter (EUS) can inhibit parasympathetic outflow to the 
detrusor via a spinal reflex circuit. Electrical stimulation of 
motor axons in the S1 ventral root elicits EUS contractions and 
EUS afferent firing, which in turn inhibits reflex bladder activity; 
(+) excitatory and (—) inhibitory mechanisms. (Reproduced from 
de Groat et al with permission.)® 


Interaction between 
urothelium and afferent 
nerves 


There is increasing evidence that bladder epithelial cells 
play an important role in modulation of bladder activity by 
responding to local chemical and mechanical stimuli and 
then sending chemical signals to the bladder afferent 
nerves, which then convey information to the central ner- 
vous system (Figure 7.5). It has been shown that urothe- 
lial cells express nicotinic, muscarinic, tachykinin, and 
adrenergic receptors,'!* as well as vanilloid receptors, and 
can respond to mechanical as well as chemical stimuli and 
in turn release chemicals such as adenosine triphosphate 
(ATP), prostaglandins, and NO (Figure 7.5).°*°>*” These 
agents are known to have excitatory and inhibitory actions 
on afferent neurons, which are located close to or in the 
urothelium.”*’ Studies using P2X;, an ATP receptor, in 
knockout mice have revealed that urothelially released ATP 
during bladder distention can interact with P2X; receptors 
in bladder afferent fibers to modulate bladder activity, 
and that a loss of P2X; receptors resulted in bladder hypo- 
activity.°>”° It has also been demonstrated that vanilloid 
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Figure 7.5 


Interactions between chemical mediators released from bladder epithelial cells and smooth muscles and afferent nerve endings in the 
bladder mucosa. ATP and NO can be released from the urothelium and may sensitize the mechanoreceptors via an activation of P2X; 
and TRPV1 receptors, respectively, which respond to stretch of the mucosa during bladder distention. This mechanism can be induced by 
the presence of high urinary potassium concentrations, and possibly by other sensitizing solutions within the bladder lumen, such as 
those with high osmolality or low pH; the presence in the tissues of inflammatory mediators may also sensitize the endings. The smooth 
muscle can generate force that may influence some mucosal endings, and the production of nerve growth factor (NGF) is another 
mechanism that can influence the mechanosensitivity of the sensory ending, via the trkA receptor. NOS, nitric oxide synthase. 


receptor (TRPV1)-knockout mice exhibited reduced NO 
and ATP release from urothelial cells, as well as alterations 
in bladder function.” 

The urothelium also appears to modulate contractile 
responses of the detrusor smooth muscle to muscarinic 
and other stimulation. Hawthorn and associates” demon- 
strated in the pig bladder that there is a greater muscarinic 
receptor density in the urothelium than in the detrusor 
smooth muscle. Contractions of urothelium denuded 
muscle strip were inhibited in the presence of a second 
bladder strip with an intact urothelium, but not if the sec- 
ond strip was denuded. Thus, the detrusor smooth muscle 
is sensitive to a diffusible inhibitory factor released from 
the urothelium. 

Overall, it seems likely that urothelial cells exhibit spe- 
cific signaling properties that allow them to respond to 
their chemical and physical environments and engage in 


reciprocal communication with neighboring nerves and 
smooth muscles in the bladder wall. 


Reflex circuitry controling 
micturition 


Coordinated activities of the peripheral nervous system 
innervating the bladder and urethra during urine storage 
and voiding depend upon multiple reflex pathways orga- 
nized in the brain and spinal cord. The central pathways 
controling lower urinary tract function are organized as on- 
off switching circuits that maintain a reciprocal relationship 
between the urinary bladder and urethral outlet. The 
principal reflex components of these switching circuits are 
listed in Table 7.1 and illustrated in Figure 7.6. 
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Reflexes to the lower urinary tract 
Afferent pathways Efferent pathways Central pathways 
Urine storage 1. External sphincter contraction (somatic nerves) Spinal reflexes 
Low-level ee afferent 2. Internal sphincter contraction (sympathetic nerves) 
activi elvic nerve pean ts ` 
YP ) 3. Detrusor inhibition (sympathetic nerves) 
4. Ganglionic inhibition (sympathetic nerves) 
5. Sacral parasympathetic outflow inactive 
Micturition 1. Inhibition of external sphincter activity Spinobulbospinal 
High-level ee afferent 2. Inhibition of sympathetic outflow Reflexes 
activi elvic nerve SE ; 
val ) 3. Activation of parasympathetic outflow to the bladder 
4. Activation of parasympathetic outflow to the urethra Spinal reflex 
(a) Storage reflexes (b) Voiding reflexes PAG Figu re 7.6 
Neural circuits controling continence and 
eo rore n micturition. (A) Storage reflexes. During urine 
nce. SSe ii / @ storage, bladder distention produces low- 
peg level firing in bladder afferent pathways, , 
which in turn stimulates (1) the sympathetic 
A outflow to the bladder outlet (bladder base 
and urethra) and (2) pudendal outflow to the 
external sphincter muscle. These responses 
are elicited by spinal reflex pathways. 
ol Sympathetic firing also inhibits detrusor 
N f muscle and transmission in bladder ganglia. 
JANR A region in the rostral pons (the pontine 
storage center) increases external urethral 
sphincter activity. (B) Voiding reflexes. During 
Hypogastric nerve ' Hypogastric nerve | elimination of urine, intense bladder 
+ Contracts afferent firing activates spinobulbospinal 
bladder oulet Q Q reflex pathways passing through the pontine 
- Inhibits micturition center, which stimulate the 
detrusor 4 4 . 
parasympathetic outflow to the bladder and 
ays way internal sphincter smooth muscle and inhibit 
Urinary | T Urinary : | = the sympathetic and pudendal outflow to the 
Pelvi Pelvic nerve IE : . 
a. een JA SNE bladder. ) O EN bladder outlet. Ascending afferent input 
oeae rior from the spinal cord may pass through relay 
sca e < -Inhibits bladder outlet neurons in the periaqueductal gray (PAG) 
` before reaching the pontine micturition 
External External Pudendal nerve center. (Reproduced from Yoshimura and de 
sphincter sphincter Groat with permission.) 


The storage phase of the 
bladder 


The bladder functions as a low-pressure reservoir during 
urine storage. In both humans and animals, bladder pres- 
sures remain low and relatively constant when bladder vol- 
ume is below the threshold for inducing voiding (Figure 
7.7). The accommodation of the bladder to increasing 


volumes of urine is primarily a passive phenomenon 
dependent on the intrinsic properties of the vesical smooth 
muscle and the quiescence of the parasympathetic efferent 
pathway.'*” The bladder-to-sympathetic reflex also con- 
tributes as a negative feedback or urine storage mechanism 
that promotes closure of the urethral outlet and inhibits 
neurally mediated contractions of the bladder during 
bladder filling (Table 7.1).”* Reflex activation of the sym- 
pathetic outflow to the lower urinary tract can be triggered 
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Figure 7.7 

Combined cystometry and external urethral sphincter 
electromyography (EUS—EMG) recordings comparing reflex 
voiding responses in a normal adult (A, Normal) and in a spinal 
cord injury (SCI) patient (B, SCI). The abscissas represent bladder 
volume and the ordinates in cystometrograms represent bladder 
pressure. In panel A, a slow infusion of fluid into the bladder 
induces a gradual increase of EMG activity, but no apparent 
changes in bladder pressure. When a voluntary voiding starts, an 
increase of bladder pressure (voluntary bladder contraction) is 
associated with a cessation of EUS—EMG activity (synergic 
sphincter relaxation). On the other hand, in an SCI patient (B), 
the reciprocal relationship between bladder and sphincter is 
abolished. During bladder filling, uninhibited bladder 
contraction occurs in association with an increase in sphincter 
activity (detrusor-sphincter dyssynergia). Loss of the reciprocal 
relationship between bladder and sphincter in SCI patients 
interferes with bladder emptying. (Reproduced from Yoshimura 
with permission.)”> 


by afferent activity induced by distention of the urinary 
bladder.'"* This reflex response is organized in the lum- 
bosacral spinal cord and persists after transection of the 
spinal cord at the thoracic levels (Figure 7.7).”° 

During bladder filling the activity of the sphincter elec- 
tromyogram also increases (see Figure 7.7), reflecting an 


increase in efferent firing in the pudendal nerve and an 
increase in outlet resistance that contributes to the mainte- 
nance of urinary continence. Pudendal motoneurons are 
activated by bladder afferent input (the guarding reflex).”° 
External urethral sphincter (EUS) motoneurons are also 
activated by urethral/perineal afferents in the pudendal 
nerve.” This reflex may represent, in part, a continence 
mechanism that is activated by proprioceptive afferent 
input from the urethra/pelvic floor and which induces 
closure of the urethral outlet. These excitatory sphincter 
reflexes are organized in the spinal cord. It is also reported 
that a supraspinal urine storage center is located in the dor- 
solateral pons. Descending inputs from this region activate 
the pudendal motoneurons to increase urethral resistance 
(see Figure 7.6).’°” 


Sphincter-to-bladder reflexes 


During the urine storage phase the bladder-to-external 
urethral sphincter guarding reflex which triggers sphincter 
contractions during bladder filling could in turn activate 
sphincter muscle afferents, which initiate an inhibition of 
the parasympathetic excitatory pathway to the bladder.*° 
Previous studies in cats and monkeys have demonstrated 
that contractions of the EUS stimulate firing in muscle 
proprioceptive afferents in the pudendal nerve, which then 
activate central inhibitory mechanisms to suppress the 
micturition reflex (see Figure 7.4). It is also known that 
stimulation of somatic afferent pathways projecting in the 
pudendal nerve to the caudal lumbosacral spinal cord can 
inhibit voiding function. The inhibition can be induced by 
activation of afferent input from various sites, including 
the penis, vagina, rectum, perineum, urethral sphincter, 
and anal sphincter.'*' Electrophysiologic studies in cats 
showed that the inhibition was mediated by suppression of 
interneuronal pathways in the sacral spinal cord and also 
by direct inhibitory input to the parasympathetic pregan- 
glionic neurons.” A similar inhibitory mechanism has 
been identified in monkeys by directly stimulating the anal 
sphincter muscle.*? In monkeys at least part of the 
inhibitory mechanism is localized in the spinal cord 
because it persisted after chronic spinal cord injury. 


The emptying phase of the 
bladder 


The storage phase of the bladder can be switched to the 
voiding phase either involuntarily (reflexly) or voluntarily 
(Figure 7.7). The former is readily demonstrated in the 
human infant or in patients with neuropathic bladder. 
When bladder volume reaches the micturition threshold, 
afferent activity originating in bladder mechanoceptors 
triggers micturition reflexes. The afferent fibers which 
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trigger micturition in the rat and cat are small myelinated 
A6 fibers (see Figure 7.3).°>8**° These bladder afferents in 
the pelvic nerve synapse on neurons in the sacral spinal 
cord, which then send their axons rostrally to a micturition 
center (the pontine micturition center) in the dorsolateral 
pons (see Figure 7.6).8**? 

Activation of this center reverses the pattern of efferent 
outflow to the lower urinary tract, producing firing in the 
sacral parasympathetic pathways and inhibition of sympa- 
thetic and somatic pathways (see Figure 7.6). The expul- 
sion phase consists of an initial relaxation of the urethral 
sphincter followed in a few seconds by a contraction of the 
bladder, resulting in the flow of urine through the urethra. 
Relaxation of the urethral smooth muscle during micturi- 
tion is mediated by activation of a parasympathetic path- 
way to the urethra that triggers the release of nitric 
oxide'*?! and by removal of excitatory inputs to the urethra 
(see Figure 7.6). Studies in the rat and cat indicate that 
activity ascending from the spinal cord may pass through a 
relay center in the periaqueductal gray before reaching the 
pontine micturition center (see Figure 7.6).°°-°* Thus, 
voiding reflexes depend on a spinobulbospinal pathway 
which passes through an integrative center in the brain (see 
Figure 7.6B). Secondary reflexes elicited by flow of urine 
through the urethra also facilitate bladder emptying.'+° 
Inhibition of EUS reflex activity during micturition is 
dependent, in part, on supraspinal mechanisms because it 
is weak or absent in chronic spinal cord injured animals 
and humans, resulting in simultaneous contractions of 
bladder and urethral sphincter (i.e. detrusor sphincter 
dyssynergia) (see Figure 7.7).7>°* 


Urethra-to-bladder reflexes 


It has been reported that myelinated afferents innervating 
the urethra could contribute to bladder emptying during 
the voiding phase. Barrington®””* reported that urine flow 
or mechanical stimulation of the urethra with a catheter 
could excite afferent nerves that, in turn, facilitated reflex 
bladder contractions in the anesthetized cat (see Figure 
7.4). He proposed that this facilitatory urethra-to-bladder 
reflex could promote complete bladder emptying. A study 
in the anesthetized rat has provided additional support for 
Barrington’s findings. Measurements of reflex bladder 
contractions under isovolumetric conditions during con- 
tinuous urethral perfusion (0.075 ml/min) revealed that 
the frequency of micturition reflexes was significantly 
reduced when urethral perfusion was stopped or following 
infusion of 1% lidocaine into the urethra. Intraurethral 
infusion of nitric oxide donors (S-nitroso-N-acetylpenicil- 
lamine, SNAP, or nitroprusside, 1-2 mmol) markedly 
decreased urethral perfusion pressure (approximately 
30%) and decreased the frequency of reflex bladder con- 
tractions (45-75%), but did not change the amplitude of 


bladder contractions. It was thus concluded that activation 
of urethral afferents during urethral perfusion could mod- 
ulate the micturition reflex. 

Barrington also identified two components of this facil- 
itatory urethra-to-bladder reflex during voiding. One com- 
ponent was activated by a somatic afferent pathway in the 
pudendal nerve and produced facilitation by a supraspinal 
mechanism involving the pontine micturition center.” The 
other component was activated by a visceral afferent path- 
way in the pelvic nerve and produced facilitation by a 
spinal reflex mechanism.” Afferent fibers which respond to 
urine flow in the urethra were found in the pelvic, 
hypogastric, and pudendal nerves, although it has been 
reported that the properties of urethral afferents in 
pelvic/hypogastric and pudendal nerves are different, as 
described above. 


Spinal and supraspinal 
pathways involved in the 
micturition reflex 


Spinal cord 


In the spinal cord, afferent pathways terminate on second- 
order interneurons that relay information to the brain or to 
other regions of the spinal cord. Since spinal reflex pathways 
controling bladder and urethral activities are mediated by 
disynaptic or polysynaptic pathways, interneuronal mecha- 
nisms play an essential role in the regulation of lower 
urinary tract function. Electrophysiologic!***°*'" and neu- 
roanatomic techniques!” have identified interneurons in 
the same regions of the spinal cord that receive afferent input 
from the bladder. As shown in Figure 7.2, horseradish per- 
oxidase (HRP) labeling techniques in the cat revealed that 
afferent projections from the EUS and levator ani muscles 
(i.e. pelvic floor) project into different regions of the sacral 
spinal cord. The EUS afferent terminals are located in the 
superficial layers of the dorsal horn and at the base of the 
dorsal horn, whereas the levator ani afferents project into a 
region just lateral to the central canal and extending into the 
medial ventral horn. The EUS afferents overlap very closely 
with the central projections of visceral afferents in the pelvic 
nerve that innervate the bladder and urethra (Figure 7.2). 
Intracellular labeling experiments also showed that the den- 
dritic patterns of EUS motoneurons!” and parasympathetic 
PGN’ are similar. Pharmacologic experiments revealed that 
glutamic acid is the excitatory transmitter in these pathways. 
In addition, approximately 15% of interneurons located 
medial to the sacral parasympathetic nucleus in laminae 
V-VII make inhibitory synaptic connections with the 
PGN.!*!° These inhibitory neurons release y-aminobutyric 
acid (GABA) and glycine. Reflex pathways which control 
the external sphincter muscles also utilize glutamatergic 
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Figure 7.8 


Transneuronal virus tracing of the central pathways controling the urinary bladder of the rat. Injection of pseudorabies virus into the 
wall of the urinary bladder leads to retrograde transport of virus (dashed arrows) and sequential infection of postganglionic neurons, 
preganglionic neurons, and then various central neural circuits synaptically linked to the preganglionic neurons. At long survival times, 
virus can be detected with immunocytochemical techniques in neurons at specific sites throughout the spinal cord and brain, extending 
to the pontine micturition center in the pons (i.e. Barrington’s nucleus or the laterodorsal tegmental nucleus) and to the cerebral cortex. 
Other sites in the brain labeled by virus are (1) the paraventricular nucleus (PVN), medial preoptic area (MPOA), and periventricular 
nucleus (Peri V.N.) of the hypothalamus; (2) periaqueductal gray (PAG); (3) locus coeruleus (LC) and subcoeruleus; (4) red nucleus (Red n.); 
(5) medullary raphe nucleus; and (6) the noradrenergic cell group designated A5. L6 spinal cord section showing the distribution of virus 
labeled parasympathetic preganglionic neurons (O) and interneurons (°) in the region of the parasympathetic nucleus 72 h after 
injection of the virus into the bladder. Interneurons (INT) in the dorsal commissure and the superficial laminae of the dorsal horn (DH) 
are also shown. The left side shows the entire population of preganglionic neurons (PGN) labeled by axonal tracing with fluorogold 
injected into the pelvic ganglia. The right side shows the distribution of PRV-labeled bladder PGN (O) among the entire population of 
FG-labeled PGN (£O). Bladder PGN were labeled with PRV and FG. Composite diagram of neurons in 12 spinal sections (42 um). 


(Reproduced from de Groat et al with permission.)” 


excitatory and GABAergic/glycinergic inhibitory interneu- 
ronal mechanisms. 

Central and spinal neural pathways controling lower 
urinary tract function have also been identified by 
transneuronal tracing studies using neurotropic viruses 
such as pseudorabies virus (PRV) (Figure 7.8). PRV can be 
injected into a target organ and then move intra-axonally 
from the periphery to the central nervous system. Because 
PRV can be transported across many synapses it could 
sequentially infect all the neurons that connect directly or 
indirectly to the lower urinary tract.!°*-!%* Interneurons 
identified by retrograde transport of PRV injected into the 


urinary bladder are located in the region of the sacral 
parasympathetic nucleus (SPN), the dorsal commissure 
(DCM), and the superficial laminae of the dorsal horn (see 
Figure 7.8).'%1°%!°4 A similar distribution of labeled 
interneurons has been noted after injection of virus into 
the urethra’ or the EUS,'” indicating a prominent overlap 
of the interneuronal pathways controling the various target 
organs of the lower urinary tract. 

The micturition reflex can be modulated at the level of the 
spinal cord by interneuronal mechanisms activated by affer- 
ent input from cutaneous and striated muscle targets. The 
micturition reflex can also be modulated by inputs from 
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other visceral organs. "477384107110 Stimulation of afferent 
fibers from various regions (anus, colon/rectum, vagina, 
uterine cervix, penis, perineum, pudendal nerve) can inhibit 
the firing of sacral interneurons evoked by bladder disten- 
tion. This inhibition may occur as a result of presynaptic 
inhibition at primary afferent terminals or due to direct 
postsynaptic inhibition of the second-order neurons. Direct 
postsynaptic inhibition of bladder PGN can also be elicited 
by stimulation of somatic afferent axons in the pudendal 
nerve or by visceral afferents from the distal bowel. 108111 


Pontine micturition center 


The dorsal pontine tegmentum has been firmly established 
as an essential control center for micturition in normal 
subjects. First described by Barrington,'!* it has subse- 
quently been called “Barrington’s nucleus’, the ‘pontine 
micturition center’ (PMC), or the ‘M region’”®°”"!4 due 
to its medial location. 

Studies in animals using brain-lesioning techniques 
revealed that neurons in the brainstem at the level of the 
inferior colliculus have an essential role in the control 
of the parasympathetic component of micturition. »*7 
Removal of areas of brain above the colliculus by inter- 
collicular decerebration usually facilitates micturition by 
elimination of inhibitory inputs from more rostral centers, 
whereas transections at any point below the colliculi 
abolish micturition.'!° In addition, bilateral lesions in the 
region of the locus coeruleus in the cat or the dorsolateral 
tegmental nucleus in the rat abolish micturition, whereas 
electrical or chemical stimulation of this region induces a 
bladder contraction and a reciprocal relaxation of the 
urethra, leading to bladder emptying.”®86-89116 

In addition to providing axonal inputs to the locus 
coeruleus and the sacral spinal cord,!!7"'!? neurons in the 
PMC also send axon collaterals to the paraventricular thal- 
amic nucleus, which is thought to be involved in the limbic 
system modulation of visceral behavior.'!? Some neurons 
in the PMC also project to the periaqueductal gray 
region, '~° which regulates many visceral activities as well as 
pain pathways.'! Thus, neurons in the PMC communicate 
with multiple supraspinal neuronal populations that may 
coordinate micturition with other functions. Although the 
circuitry in humans is uncertain, brain imaging studies 
have revealed increases in blood flow in this region of the 
pons during micturition.’* In addition, it has been 
reported that in a case study of a multiple sclerosis patient, 
coordinated bladder contraction and urethral relaxation 
was induced by ectopic activation of a region in the dorso- 
lateral pontine tegmentum.'” Thus the PMC appears crit- 
ical for the normal micturition reflex across species. 

Neurons in the PMC provide direct synaptic inputs to 
sacral PGN, as well as to GABAergic neurons in the sacral 
DCM.!!° The former neurons carry the excitatory outflow 


to the bladder, whereas the latter neurons are thought to be 
important in mediating an inhibitory influence on EUS 
motoneurons during voiding.” As a result of these recip- 
rocal connections, the PMC can promote coordination 
between the bladder and urethral sphincter. 


Central pathways modulating 
the micturition reflex 


Transneuronal tracing studies using PRV injected into the 
lower urinary tract also identified various areas in the brain 
(see Figure 7.8).10-!04124 Thus, central control of voiding is 
likely to be complex. Injection of PRV into the rat bladder 
labeled many areas of the brainstem, including the 
laterodorsal tegmental nucleus (the PMC); the medullary 
raphe nucleus, which contains serotonergic neurons; the 
locus coeruleus, which contains noradrenergic neurons; 
periaqueductal gray; and noradrenergic cell group A5. 
Several regions in the hypothalamus and the cerebral 
cortex also exhibited virus-infected cells (see Figure 7.8). 
Neurons in the cortex were located primarily in the medial 
frontal cortex. Similar brain areas were labeled after injec- 
tion of virus into the urethra and urethral sphincter, sug- 
gesting that coordination between different parts of the 
lower urinary tract is mediated by a similar population of 
neurons in the brain.'0-1%!24 

Studies in humans indicate that voluntary control of 
voiding is dependent on connections between the frontal 
cortex and the septal/preoptic region of the hypothalamus 
as well as connections between the paracentral lobule and 
the brainstem.' Lesions to these areas of cortex appear to 
directly increase bladder activity by removing cortical 
inhibitory control. Brain imaging studies in human volun- 
teers have implicated both the frontal cortex and the ante- 
rior cingulate gyrus in control of micturition and have 
indicated that micturition is controlled predominately by 
the right side of the brain.'!*!75 

Positron emission tomography (PET) scans were also 
used to examine which brain areas are involved in human 
micturition.'”° In their study, when 17 right-handed male 
volunteers were scanned, 10 volunteers were able to mic- 
turate during scanning. Micturition was associated with 
increased blood flow in the right dorsomedial pontine 
tegmentum, the periaqueductal gray (PAG), the hypothala- 
mus, and the right inferior frontal gyrus. Decreased blood 
flow was found in the right anterior cingurlate gyrus when 
urine was withheld. The other seven volunteers were not 
able to micturate during scanning, although they had a full 
bladder and tried vigorously to micturate. In this group, 
during these unsuccessful attempts to micturate, increased 
blood flow was detected in the right ventral pontine tegmen- 
tum. It has been reported that descending inputs from this 
area can activate the pudendal motoneurons to increase 
urethral resistance during urine storage in cats.801!4127 
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Another study using PET scans in 11 healthy male 
subjects also revealed that increased brain activity related to 
increasing bladder volume was seen in the PAG, in the mid- 
line pons, in the mid-cingulate cortex, and bilaterally in the 
frontal lobe area, suggesting that the PAG receives informa- 
tion about bladder fullness and relays this information to 
areas involved in the control of bladder storage.!** The PAG 
has multiple connections with higher centers such as the 
thalamus, insula, cingulate, and prefrontal cortices. It seems 
that the influences from these higher centers have a role in 
determining when and where one may void safely. 

Increased blood flow also occurred in the right inferior 
frontal gyrus during unsuccessful attempts to micturate, 
and decreased blood flow occurred in the right anterior 
cingulate gyrus during the withholding of urine. The 
results suggest that the human brainstem contains specific 
nuclei responsible for the control of micturition, and that 
the cortical and pontine regions for micturition are pre- 
dominantly on the right side. 

A PET study was also conducted in adult female volun- 
teers to identify brain structures involved in the voluntary 
motor control of the pelvic floor.'”? The results revealed 
that the superomedial precentral gyrus and the most 
medial portion of the motor cortex are activated during 
pelvic floor contraction, and the superolateral precentral 
gyrus is activated during contraction of the abdominal 
musculature. In these conditions, significant activations 
were also found in the cerebellum, supplementary motor 
cortex, and thalamus. The right anterior cingulate gyrus 
was activated during sustained pelvic floor straining. 

Recently, functional MRI (fMRI) has been popular in 
the study of brain activities. In the neurourologic appli- 
cations, fMRI has been especially useful in studying func- 
tional brain changes associated with pelvic floor muscle 
contraction owing to its improved resolution compared 
to PET. Several {MRI studies reported strong activities of 
the supplementary motor area (SMA) in the motor cortex 
during repetitive pelvic muscle contractions in a full- 
bladder condition, while previous studies with PET were 
unable to record this in detail.!°°-'°* SMA is known to 
be involved in motor timing and inhibition of motor 
control. An fMRI study combined with the MMPI 
(Minnesota Multiphasic Personality Inventory) reported 
that self-control, including self-inhibition, is related to 
the activity of SMA.!*? In a recent series of 30 healthy vol- 
unteers (15 women, 15 men), Kuhtz-Buschbeck et al!*? 
reported a strong and consistent recruitment of the SMA, 
with foci of peak activity located in the posterior portion 
of the SMA, suggesting involvement of this region in 
involuntary pelvic floor muscle control. They also found 
significant activation bilaterally in the frontal opercula, 
the right insular cortex, and the right supramarginal 
gyrus, and weaker signals in the primary motor cortex 
and dorsal pontine tegmentum. However, no significant 
gender-related difference was found. 


Overall, these results in animals and humans indicate 
that various regions in the central nervous system are nec- 
essary for voluntary control of lower urinary tract function. 


Developmental changes of 
bladder reflexes 


The neural mechanisms involved in storage and elimination 
of urine undergo marked changes during postnatal devel- 
opment.'* In a postnatal period in humans, as well as ani- 
mals, supraspinal neural pathways controling lower urinary 
tract function are immature, and voiding is regulated by 
primitive reflex pathways organized in the spinal cord 
(Figure 7.9). In neonate animals such as rats and cats, void- 
ing is dependent on an exteroceptive somato-bladder reflex 
mechanism triggered when the mother licks the genital or 
perineal region of the young animal. This exteroceptive per- 
ineal-to-bladder reflex is regulated by primitive reflex path- 
ways organized in the sacral spinal cord (see Figure 7.9). In 
humans, the neonatal bladder is more of a conduit of urine 
than a storage organ and, without control from the central 
nervous system, the bladder will reflexively empty into a 
diaper when it reaches functional capacity. Primitive reflex 
activities organized in the spinal cord such as perineal-to- 
bladder reflexes are also observed in infants.” 

Previous studies have also reported that bladder-cooling 
reflexes are positive in neurologically normal infants and 
children about age 4 years.'*° The bladder ice water cooling 
test is performed by quickly instilling up to 100 ml of 4°C 
sterile saline. The normal adult can maintain a stable blad- 
der without uninhibited bladder contractions. The bladder 
cooling response is triggered by activation of cold receptors 
within the bladder wall supplied by unmyelinated C-fiber 
afferents, and organized by segmental spinal reflex path- 
ways.*>!%6 Overall, it appears that during a postnatal 
period, primitive reflex activities organized in the spinal 
cord such as perineal-bladder reflexes or C-fiber-mediated 
cooling reflexes are dominant, due to immature control of 
the central nervous system (Figure 7.9). 

However, transneuronal tracing studies using PRV have 
demonstrated that micturition reflex pathways in the spinal 
cord and brain are already connected anatomically at birth, 
despite the fact that voiding in neonatal rats does not depend 
on neural mechanisms in the brain.'** When PRV was 
injected into the bladder of 2- and 10-day-old rat pups, the 
labeled neurons were found in various sites in the brain, 
such as the PMC, the nucleus raphe magnus, A5 and A7 
regions, parapyramidal reticular formation, the periaque- 
ductal gray, locus coeruleus, the lateral hypothalamus, 
medial preoptic area, and the frontal cortex (see Figure 
7.8). Thus, even in neonatal animals, supraspinal path- 
ways may already be connected, but may either be nonfunc- 
tioning or functioning in an inhibitory manner to suppress 
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Figure 7.9 

Organization of micturition reflex pathways in postnatal (A) 
and adult periods (B). A, Since in a postnatal period in humans, 
as well as animals, supraspinal neural pathways controling 
lower urinary tract function are immature, voiding is regulated 
by primitive reflex pathways organized in the spinal cord. In 
neonate animals such as rats and cats, voiding is dependent on 
an exteroceptive somato-bladder reflex mechanism triggered 
when the mother licks the genital or perineal region of the 
young animal (perineal stimulation). Similar reflexes are 

also observed in infants. Bladder cooling reflexes mediated 

by C-fiber bladder afferents are positive in neurologically 
normal infants (Cold stimulation). B, When the central 

nervous system matures in adults (Maturation), reflex voiding is 
brought under voluntary control, which originates in the 
higher center of the brain and, at the same time, primitive 
spinal reflex activities such as perineal-bladder reflexes or 
C-fiber-mediated cooling reflexes are masked. However, the 
primitive neonatal micturition reflexes could be unmasked by 
pathologic processes that disturb the descending neuronal 
control of normal voiding, such as spinal cord injury (also see 
Figure 7.3). 


the spinobulbospinal micturition reflex, allowing micturi- 
tion to be induced by primitive spinal reflex mechanisms.'** 
As the central nervous system matures during the post- 
natal period, reflex voiding is brought under voluntary con- 
trol, which originates in the higher center of the brain and, 
at the same time, primitive spinal reflex activities such as 
perineal-to-bladder reflexes or C-fiber-mediated cooling 
reflexes are masked (see Figure 7.9).!°4 Electrophysiologic 
studies using patch-clamp recording techniques in rat 
spinal cord slice preparations indicate that developmental 
changes in sacral parasympathetic pathways are due in part 
to alterations in excitatory synaptic transmission between 
interneurons and preganglionic neurons.!°° However, the 
primitive neonatal micturition reflexes such as positive 
bladder cooling responses and/or spinal perineal-to-blad- 
der reflexes could be unmasked by pathologic processes that 
disturb the descending neuronal control of normal voiding, 
such as spinal cord injury (see Figures 7.3 and 7.9).?»'*4 
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Introduction 


The lifting of the Victorian veil, which covered the Western 
world with prudishness and sexual taboos until the first 
half of the twentieth century, was followed by profound 
changes in social attitudes producing a so-called sexual 
revolution in the 1960s. As a result, a rational approach to 
sexual physiology and sexual dysfunctions, developed by 
researchers from multiple scientific fields, progressively 
emerged and led to a better knowledge of human sexuality, 
even if there is still significant progress to be made, espe- 
cially for female sexual physiology. In both genders, sexual 
behavior is divided in appetitive and consummatory com- 
ponents.' Appetitive behaviors are associated with sexual 
desire, excitement, and arousal, whereas consummatory 
behaviors consist of genital stimulation leading to orgasm. 
Initially, the human sexual response was described by 
Masters and Johnson’ as including four interactive phases: 
excitation, plateau, orgasm, and resolution. This definition 
has subsequently been revised by Kaplan’? and Levin*“ to 
lead to a commonly accepted model, consisting of desire, 
excitation, orgasm, and resolution. Each of these phases is 
controlled by a complex and coordinated interplay of mul- 
tiple components of the brain, spinal cord, and relevant 
peripheral organs. Many of the mechanisms of control of 
the different aspects of sexual function are not fully delin- 
eated, although homologies and, most often analogies, 
with mammalian animal models have allowed the 
improvement of our understanding of the physiology of 
human sexual function. 


Female sexual function 


The female sexual life phases consist of puberty, adulthood, 
pregnancy, and menopause. Puberty is defined as sexual 
maturation and refers to the process of physical and phys- 
iologic changes by which a child’s body becomes an adult 


body capable of reproduction. Then, adult females experi- 
ence menstrual cycles consisting of different phases: men- 
struation, follicular phase, ovulation, and luteal phase. The 
ovarian cycle’s duration varies across species (4 days in rats, 
17 days in sheep, 28 days in women), but in all species they 
are tightly controlled by steroid hormones. Women are able 
to express sexual desire and to engage in sexual intercourse 
at any time, contrary to females in most animal species 
which display sexual activity only during a precise period 
of the ovarian cycle, around ovulation. Female sexual 
behavior consists of proceptive components associated 
with sexual desire, excitement and arousal, and receptivity, 
commonly reflected by the lordosis reflex in female 
rodents.!** Each of these phases is controlled by both the 
autonomic and somatic nervous systems, and their inter- 
connections with different spinal and supraspinal centers. 


Neuroanatomy 
Female genitalia 


The female genital sexual anatomy consists of the perineum, 
the external genitalia, and the vagina. The perineum is the 
short stretch of skin situated between the anus and the bot- 
tom of the vulva, extending from the inferior boundary of the 
pelvis to the symphysis pubis and the inferior edges of the 
pubic bone. The urogenital diaphragm, also known as the tri- 
angular ligament, is part of the perineum and consists of a 
sheet of tissue stretching across the pubic arch, formed by the 
deep transverse perineal and the sphincter urethrae muscles. 

The vagina is a muscular canal extending from the 
cervix to the exterior of the body. The vaginal opening is at 
the caudal end of the vulva, behind the opening of the 
urethra. The vaginal mucosa, which lines the vaginal walls, 
is thick and has a protective layer of stratified squamous, 
nonkeratinized epithelium. The lumen of the vagina is 
usually small, with the walls that surround it generally in 
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Figure 8.1 
(a) Anatomy of female genitalia. (b) Muscular support of the 
female pelvic floor. 


contact with each other. The vaginal canal is capable of 
stretching during sexual intercourse as well as childbirth. 
The external genitalia of the female are collectively 
referred to as the vulva and include the mons veneris, labia 
majora, labia minora, clitoris, vulvovaginal glands (also 
called Bartholin’s glands), and the vestibule of the vagina 
(Figure 8.1A). The mons pubis, also called the mons 
veneris in females, is the soft tissue present in both genders 
just above the genitals (above the vulva in females), raised 
above the surrounding area due to a pad of fat lying just 
beneath it which protects the pubic bone. It is anterior to 
the symphysis pubis. The labia majora are two prominent 
longitudinal cutaneous folds which extend downward and 
backward from the mons pubis to the perineum. Each 
labium has two surfaces, an outer, pigmented and covered 
with hairs, and an inner, smooth and containing sebaceous 
glands which render it moist. The labia minora are two 
smaller folds located medial to the labia majora and ante- 
riorly surrounding the clitoris. Anteriorly, each labium 
divides into two portions: the upper division passes above 
the clitoris, forming a fold extending beyond the clitoral 
glans clitoridis, and named the preputium clitoridis; the 


lower division passes under the clitoral glans and forms the 
frenulum clitoridis. The labia minora surround a space, 
called the vestibule, into which the vagina and urethra 
open. These labia lack hair but have a large supply of 
venous sinuses, sebaceous glands, and nerves. 

The anatomy of the clitoris has recently been clarified in 
a series of dissections of fresh and fixed cadaver tissue.” 
The clitoris is a multiplanar structure located near the ante- 
rior junction of the labia minora, above the opening of the 
urethra and vagina, and consists of the glans, the body, and 
erectile bodies (the paired bulbs, crura, and corpora). The 
glans is the only visible external part of the clitoris and is 
entirely or partially protected by the clitoral hood or pre- 
puce, a covering of tissue similar to the foreskin of the male 
penis. The clitoral body contains a pair of corpora caver- 
nosa and extends several centimeters upwards and to the 
back, before splitting into two arms, the clitoral crura. These 
crura extend around and to the interior of the labia majora. 

The pelvic floor is composed of muscles having their 
origin on the interior of the bony pelvis and inserting onto 
the caudal coccygeal vertebrae.* The levator ani is com- 
posed of two major muscles, the pubococcygeus and ilio- 
coccygeus, and the coccygeus muscles form the pelvic 
diaphragm.”' The striated perineal muscles consist of the 
sexually dimorphic bulbospongiosus and ischiocavernosus 
muscles, and the external anal and urethral sphincters 
(Figure 8.1B).”!>" In addition, the vagina is surrounded by 
a circular layer of smooth muscles, as well as an important 
longitudinal smooth muscle layer (Figure 8.1B). 


Peripheral innervation 


Peripheral innervation of the female genital organs has 
been described in humans,'*"* as well as in different rodent 
species. Neuroanatomic studies show that female genital 
organs are innervated by the autonomic nervous system, 
but also by somatic and sensory fibers. 


Afferent innervation Sensory fibers from the pelvic, 
pudendal, and hypogastric nerves innervate the female genital 
organs and relay information to the spinal cord (in the 
thoracolumbar and lumbosacral segments) (Figure 8.2).'*'° 
Pelvic nerve sensory fibers innervate the vagina, the 
cervix, and the body of the uterus, with the greatest concen- 
tration in the fornix of the vagina.'” The sensory fibers con- 
veyed by the pelvic nerve enter the spinal cord via the S2-S3 
dorsal roots in women, and the L6-S1 dorsal roots in female 
rats, essentially in the Lissauer’s tract from which collaterals 
extend to the dorsal horn, the sacral parasympathetic 
nucleus (SPN), and the dorsal gray commissure (DGC).'*'° 
The pudendal nerve provides sensory innervation to the 
clitoris, perineum, and urethra; the major branch of the 
sensory pudendal nerve gives rise to the dorsal nerve of 
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influence of peripheral and 
supraspinal inputs. 
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the clitoris, while other branches innervate the perineal 
skin and urethra. The pudendal afferent fiber terminations 
are located in the dorsal column, the medial half of 
Lissauer’s tract, the extreme edge of the dorsal horn, and in 
the DGC in the lumbosacral segments L6-S1.°! The dor- 
sal nerves of the clitoris originate below the pubic bone 
and form two bundles that fan out laterally on the clitoral 
bodies, where they join to form the single clitoral body.’ 

The hypogastric nerve also contains some axons of affer- 
ent neurons originating in the uterus and the cervix and 
reaches the thoracolumbar segments of the spinal cord.” 

There is also evidence that vagal afferent fibers likely con- 
vey sensory information from the female genital organs 
directly to the nucleus of the tractus solitaris (NTS), bypass- 
ing the spinal cord. Indeed, it is noteworthy that women 
with complete upper spinal cord injury are still able to per- 
ceive genital sensation.” Furthermore, in the rat, it has been 
shown that afferent fibers in the vagus nerve are implicated 
in the responses to vagino-cervical stimulation (VCS).* 


Efferent innervation The female genital organs receive 
parasympathetic, sympathetic, and somatic innervation 
via three nerves: the pelvic, hypogastric, and pudendal 
(Figure 8.2). 

Parasympathetic fibers to the vagina and the clitoris are 
conveyed by the pelvic nerve originating from the sacral 
segments (S2—S4) of the spinal cord from the SPN.'® The 
neural fibers of the pelvic nerve travel in the pelvic plexus 
and send branches in the cavernous nerves, which origi- 
nate from the autonomic nerve plexus around the vagina 
and extend to the proximal urethra and the clitoral body. 
In the rat, preganglionic neurons of the SPN are located 
almost exclusively (98%) within the L6—S1 spinal cord 
segment,'? corresponding to the sacral $2-S4 segments 
in humans. 

Autonomic sympathetic fibers destined to the vagina and 
the clitoris are conveyed by the paravertebral sympathetic 
chain and the hypogastric nerve. Sympathetic preganglionic 
neurons originate from the thoracolumbar segments of the 
spinal cord (T13-L2 in rats) from two separate nuclei, the 
DGC and the intermediolateral cell column, and represent 
the main sympathetic outflow to the genital tract.” 

The pudendal nerve originates from the splanchnic 
branches of the sacral plexus and provides innervation to 
the pelvic floor, and anal and urethral sphincters.'!”° The 
pudendal motoneurons are located in the the ventral cord 
of the sacral spinal segments in the Onufrowicz’s (Onuf’s) 
nucleus. In rats, the Onuf’s nucleus is anatomically divided 
into the dorsomedial and the dorsolateral nuclei.?””® 


Spinal and supraspinal centers: 
neuroanatomic consideration 


In this section details of the neuroanatomic connections 
between the spinal and brain centers involved in the 


control of female sexual responses are provided, while 
their functional role will be addressed in the following 
paragraphs. 


Spinal centers The pseudorabies virus (PRV), a 
transneuronal retrograde tracer, has been used to identify 
the spinal neurons destined to the clitoris, vagina, cervix, 
and uterus in rats. The major input to the clitoris 
originates from the lumbosacral segments of the spinal 
cord (L5-S1), in the SPN where the preganglionic neurons 
of the pelvic nerve are located, and in the DGC.” Fewer 
PRV-labeled neurons were found in other areas of the 
spinal cord, including the T13—L2 segments where the 
sympathetic preganglionic neurons of the hypogastric 
nerve and the lumbosacral paravertebral sympathetic 
chain are located. PRV injection in both the clitoris and 
vagina labeled neurons in similar regions of the spinal 
cord, with numerous PRV-labeled neurons in the L6-S1 
segments in the superficial, medial, and lateral regions of 
the dorsal horn, the SPN, the DGC and intermediomedial 
nucleus, the intermediate gray, and ventral horn.” 

The spinal neurons destined to the uterus and cervix 
have also been identified. When PRV was injected in the 
uterus and cervix, preganglionic neurons and putative 
interneurons were labeled in the lumbosacral spinal cord 
(L6-S1) and the lower segments of the thoracic cord 
(T11-T13), mainly in the lateral horn area (SPN and inter- 
mediolateral nucleus), lateral aspect of the dorsal horn, 
intermediate gray, and the DGC.” 

Sensory projections from the pelvic area and spinal neu- 
rons involved in different aspects of the female sexual 
response have also been examined by quantifying the Fos 
protein, a marker of neuronal activation. Electrical stimu- 
lation of the pelvic nerve in anesthetized rats activated pri- 
marily neurons in the L6-S1 segments of the spinal cord, in 
the superficial dorsal horn, the DGC, and lateral laminae 
V-VII in the region of the SPN.” VCS elicited by copula- 
tion with a sexually vigorous male or by manual stimula- 
tion with a lubricated glass rod increased the expression of 
Fos protein immunoreactivity primarily in the L6-S1 seg- 
ments throughout the dorsal horn and in the dorsal and 
medial gray commissure.*'~** These results confirm the 
neuroanatomic data obtained from tracing studies show- 
ing that afferent information from the female genital 
organs is received by neurons in specific areas of the dorsal 
horn, especially in the lumbosacral segments. 


Brain centers Similar neuroanatomic studies using PRV 
have been conducted to investigate the brain centers 
involved in the multisynaptic circuitry controling female 
sexual responses. Tracing techniques have evidenced two 
major ascending pathways: the spinothalamic and the 
spinoreticular pathways, which relay sensory information 
to the brain.** The spinothalamic pathway travels in the 
dorsal columns and dorsal lateral quadrant, crosses the 
brainstem, passes through the medial lemniscus, and 
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reaches the specific nuclei of the thalamus (nucleus ventralis 
posterolateralis and nucleus ventralis posteromedialis). A 
last relay sends information to the somatosensory cortex. 
Most of the spinoreticular fibers cross to the opposite side of 
the cord (below T8) and travel in the lateral spinal columns, 
terminating in brainstem reticular formation and the 
nonspecific nuclei of the thalamus. 

The descending pathways from the brain to the female 
genital organs have been identified by examining the distri- 
bution of PRV in different spinal and supraspinal cen- 
ters.” Four days after PRV injection in the clitoris and 
the vagina, PRV-positive neurons were found in the nucleus 
paragigantocellularis (nPGi), Barrington’s nucleus, raphe 
magnus, A5 region, and in the hypothalamus primarily in 
the paraventricular nucleus (PVN). PRV-positive cells were 
occasionally localized in the raphe pallidus, caudal ventro- 
lateral periaqueductal gray (PAG), and lateral hypothala- 
mus (LH). After a 5-day survival period, more PRV-positive 
neurons were observed in the areas described above and in 
additional brain regions including the dorsal, lateral, and 
ventrolateral PAG, nucleus of the tractus solitarius (NTS), 
the medial preoptic area (MPOA), and the ventral part of 
the ventromedial hypothalamic nucleus (VMNvIl), with few 
PRV cells in the bed nucleus of the stria terminalis (BNST), 
zona incerta, and medial amygdala (MeA). 


Physiology of the female 
sexual response 


The female sexual response consists of sexual desire, 
arousal, and orgasm. This includes genital and behavioral 
responses characterized by peripheral physiologic events 
occurring mainly in the genital organs, and a central drive 
originating from the spinal and supraspinal centers. 

It has always been difficult to define sexual desire and to 
dissociate sexual desire from sexual arousal. It is now com- 
monly accepted that sexual arousal generally reflects an 
increase in blood flow to the genital organs and clitoral 
erectile tissues, whereas sexual desire refers to a psychologic 
state characterizing sexual interest and motivation to 
engage in sexual contact.’ In women, the central drive is 
crucial and constitutes the key element of the mechanisms 
controlling libido. Accordingly, it is crucial to emphasize 
that an increase of vaginal blood flow is not necessarily 
associated with the subjective feeling of sexual arousal.’ 


Peripheral physiologic changes 
during the female sexual response 
Genital arousal Physiologic sexual arousal in both 


humans and animals can be defined as an increase in 
autonomic activation that prepares the body for sexual 


activity and decreases the amount of sexual stimulation 
necessary to induce orgasm. In women, the first studies 
focused on extragenital measures such as heart rate, 
respiration, blood pressure, sweat production, and body 
temperature, considered as indexes of sexual arousal.’ 
Other methods were subsequently developed to measure 
vaginal temperature** and monitor changes in clitoral and 
vaginal blood flow: for example photoplethysmography 
measuring vaginal pulse amplitude,” the oxygenation- 
temperature method,® and clitoral color doppler 
ultrasonography.*! It has been shown that genital arousal 
results in an increase in blood flow to the vagina, clitoris, 
and labia mediated by the parasympathetic nervous 
system. The erectile tissue of the clitoris shows 
vasocongestion and tumescence, in the same way as does 
the penis. Sexual arousal is also associated with vaginal 
lubrication resulting from blood engorgement and 
increased permeability of epithelial capillary tufts, also 
mediated by the parasympathetic nervous system. 

Some data suggested that female genital arousal is con- 
trolled, as in males, by a balance between the facilitatory 
parasympathetic and inhibitory sympathetic inputs. 
However, a facilitatory effect of the sympathetic nervous 
system resulting in an increase in blood flow to striated 
and smooth muscles that participate in different sexual 
responses, such as increased heart and breathing rates, has 
been proposed.” 

Electrical stimulation of the sacral roots in women 
increases vaginal blood flow.“ Analogous models have 
been developed in rats, rabbits, and dogs. In in-vivo exper- 
iments performed in various animal species, electrical 
stimulation of the pelvic nerve mimicks the type of stimu- 
lation normally received by females during intromissive 
copulation and results in vaginal response and clitoral 
tumescence characterized by an increase in vaginal blood 
flow, vaginal wall pressure, vaginal length, clitoral and 
intracavernosal pressure, and blood flow, and a decrease in 
vaginal luminal pressure.**“° It is interesting to note that, 
in the rat, stimulation of the paravertebral sympathetic 
chain reverses the effect of pelvic nerve stimulation.“ 


Orgasm Orgasm is the third and probably the shortest 
phase of the human sexual response cycle; it is the most 
reinforcing component of sexual behavior and is followed 
by a feeling of euphoria and satisfaction during the 
resolution phase. In women, orgasm is usually obtained by 
stimulation of the clitoris and/or the vagina, although 
cervical stimulation may also be perceived as pleasurable 
during orgasm.” Orgasm results in rhythmic contractions 
of the vagina, uterus, and anal sphincter and changes in 
vaginal and clitoral blood flow.***! Increases in heart rate, 
blood pressure, and respiration are associated.” Orgasmic 
responses are regulated by both the autonomic and somatic 
nervous systems. The pudendal nerve that conveys sensory 
information from the vulva and the striated pelvic perineal 
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muscles plays a critical role in the occurrence of clitoral 
orgasm. The pelvic and hypogastric nerves conveying 
sensory information from the internal pelvic organs may 
be involved in ‘coital orgasm. Nevertheless, it must be 
emphasized that the exact physiologic support for orgasm 
remains unknown. An experimental model attempting to 
mimick sexual climax in humans has been developed in the 
rat. The urethrogenital (UG) reflex is induced by mechanical 
stimulation of the distal urethra and consists in the female 
of rhythmic contractions of the vagina, uterus, and striated 
perineal muscles, i.e. the external urethral and anal 
sphincters.” Examination of spinal neuronal Fos activation 
suggests that the UG reflex is mediated by the pudendal 
sensory nerve and comprises activation of the hypogastric, 
pelvic, and pudendal motor nerves. The UG reflex is not 
dependent on vagal pathways since this reflex can still be 
evoked after vagal nerve cuts in female rat.” 

Some women have reported a dramatic increase in secre- 
tions during orgasm, described as female ejaculation by 
some authors. When female ejaculation occurs, it involves, 
as in males, the ejection of significant amounts of fluid in 
gushes through the urethra at the moment of sexual cli- 
max.” However, it remains unclear whether ejaculation in 
women consistently occurs and is associated with orgasm, 
and whether these secretions are different from urine.” 

Orgasm is also associated with hormonal changes: 
in particular, an increase in circulating levels of prolactin, 
oxytocin (OT), vasopressin (AVP), adrenaline, and vaso- 
intestinal polypeptide (VIP) has been reported.*>”” 


Central control of female sexual 
response 


Spinal network Functional approaches have demonstrated 
that local physiologic changes associated with sexual 
arousal result mainly from spinal reflex mechanisms. Two 
main spinal sexual reflexes have been evidenced: the 
bulbocavernous reflex involving sacral segments S2—S4 
and another reflex involving vaginal and clitoral cavernosal 
autonomic nerve stimulation and producing clitoral, 
labial, and vaginal engorgement.” Different data 
demonstrated that the spinal cord is sufficient to generate 
female sexual responses, without functional connections 
to supraspinal centers. Women diagnosed with complete 
spinal cord injury retain the capacity of increased blood 
flow and/or lubrication upon masturbation.°°>* Orgasm 
is also a reflex mediated by the spinal cord: women with 
complete spinal cord injury are still able to achieve orgasm 
during audiovisual erotic combined with manual genital 
stimulation.®° However, women with injury of the lower 
motoneurons and S2-S5 dermatomes are less likely to 
reach orgasm compared to women with injury at or above 
T11.°! This suggests that orgasmic responses require intact 
reflexes that relay in the sacral spinal cord. 


In male rats, recent studies have identified a group of 
lumbar spinothalamic (LSt) neurons, which likely repre- 
sent a spinal generator for ejaculation. An increased c-fos 
expression has been evidenced in these neurons after ejac- 
ulation in male rats, but not after VCS applied to females. 
However, a similar neuronal subpopulation conveying cop- 
ulatory stimuli to the spinal cord and regulating genital 
arousal and orgasm can also exist in females, but, so far, has 
not been evidenced. 

In the animal model mimicking human climax, the UG 
reflex induced by urethral stimulation can be elicited only 
in acutely spinalized females.” Indeed, in spinally intact 
anesthetized females, this reflex is tonically inhibited by 
neurons in the nPGi of the ventral medulla. 

In fact, the spinal centers involved in the control of 
female sexual responses are under descending excitatory 
and inhibitory control from supraspinal brain sites. 


Brain network It now commonly accepted that sexual 
desire is mainly controlled by brain mechanisms. Any 
individual, in order to engage in sexual intercourse, must 
be able to respond to hormonal and neurochemical 
changes that signal sexual desire. Sexual arousal also 
includes a central component that increases neural ‘tone’ 
or awareness to respond to sexual incentives, defined as 
‘arousability by Whalen. Contrary to the peripheral 
physiologic changes which have been well identified in 
both humans and animals, the neural pathways involved in 
the control of female sexual desire and central arousal 
remain largely unknown. The majority of the data 
available have been obtained from animal studies, and 
there is an abundant literature regarding the central 
control of lordosis in female rodents. However, it remains 
difficult to extrapolate these data to human sexual 
behavior since there is no human counterpart of lordosis. 

Brain imaging studies have been conducted in humans 
to identify the brain centers activated during female sexual 
responses, but most of them focus on orgasmic reflexes. 
Positron emission tomography studies have evidenced that 
orgasm, compared to pre-orgasm arousal, enhances activa- 
tion in the PVN, PAG, amygdala, hippocampus, striatum, 
cerebellum, and different cortical areas.“ During self-mas- 
turbation, the NTS, thalamus, somatosensory and motor 
cortices, and sensory areas of the spinal medulla are acti- 
vated. However, further studies are needed to identify the 
brain areas specifically activated during orgasm and to dis- 
criminate with those specifically activated during sexual 
arousal. 

This functional dissociation can be evaluated in animal 
models, by examining and comparing the neural pathways 
controling appetitive and consummatory sexual responses. 
In female rats, mating with males results in increased c-fos 
expression in different hypothalamic nuclei, such as the 
MPOA, VMN, PVN, arcuate nucleus, and in the structures 
belonging to the mesolimbic dopaminergic pathway: the 
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ventral tegmental area (VTA), MeA, nucleus accumbens 
(Nac), but also in the lateral septum, striatum, BNST, and 
the medial central gray.°*°’ A similar Fos staining was 
elicited by manual VCS.°* 6° 

However, a neuronal activation detected in a brain area 
in response to sexual stimulation does not necessarily 
imply the involvement of this structure in the control of 
sexual response. Functional approaches have confirmed 
the role of some of these brain structures. In female rats, 
lesion of the MPOA, Nac, or striatum abolishes proceptive 
behaviors,” + whereas lesion of the VMN, VTA, PAG, or 
nPGi blocked the stereotyped reflex of lordosis.”-’” Many 
of these structures have been labeled after PRV injection in 
the clitoris and the vagina.”® 

The MPOA plays a critical role in the control of female 
sexual desire. Neurochemical changes occurring in the 
MPOA have been measured in close association with sex- 
ual desire. Many neurotransmitters, neuropeptides, and 
pharmacologic agents (dopamine (DA), OT, melanocortin, 
and opioids agonists) have been reported to exert facilita- 
tory effects on proceptive behaviors, when microinfused 
into the MPOA. Furthermore, in anesthetized female rats, 
electrical stimulation of the MPOA resulted in an increase 
in vaginal blood flow and wall tension.** The MPOA does 
not directly innervate the spinal cord and neuroanatomic 
data suggest that the major MPOA output relays in the 
PAG and nPGi before reaching the spinal circuits regulat- 
ing female genital reflexes (Figure 8.3).’* Female sexual 
drive may also be controlled by other neural pathways. The 
mesolimbic dopaminergic pathway is involved in reward- 
ing and motivational processes, including sexual motiva- 
tion. In this pathway, neurons of the VTA project to the 
Nac and the MeA, two critical structures for the display of 
sexual desire. The MPOA, which sends direct outputs to 
the VTA and the NAc, and receives neuronal inputs from 
the MeA, may modulate sexual responses through these 
central interconnections. 

Multiple evidence from lesion, electrical stimulation, and 
neurochemical experiments indicates that the ventromedial 
hypothalamus (VMH) contains neural mechanisms that 
facilitate female sexual behavior.”” The VMN is critical for 
lordosis and is the main site of action for steroid hor- 
mones.’**! However, the role of the VMH in the control of 
genital responses has not been investigated yet. 

The PVN could also be involved in the control of female 
sexual response. The PVN is an important integrative site 
for the sympathetic nervous system and supplies OT to the 
peripheral circulation. Both copulation with a male and 
VCS result in c-fos activation within the OT neurons of the 
PVN in female rats. Furthermore, neurons of the PVN 
are labeled after PRV injection in the clitoris and the vagina 
and directly project to the lumbosacral segments of the 
spinal cord (Figure 8.3).?**° However, the exact role of the 
PVN in the control of female sexual function remains to be 
determined. 


The nPGi and the PAG are two other areas labeled with 
PRV after injection in the clitoris and the vagina, and have 
direct connections with the MPOA (Figure 8.3).’° The 
nPGi regulates a variety of autonomic and somatic func- 
tions and could be involved in female sexual function, as a 
tonic inhibitory center. The PAG is known to be an impor- 
tant relay for sexually relevant stimuli and has extensive 
connections with brainstem and hypothalamic nuclei 
involved in female sexual function.’* The PAG receives and 
integrates autonomic input from the MPOA and the PVN 
and appears to inhibit the nPGi, thereby desinhibiting 
sexual reflexes. 


Hormonal control of female sexual 
response 


Role of sex steroids on physiologic genital changes 
Androgens, acting directly or through their conversion 
to estrogens in the central nervous system (CNS) and in 
the periphery, are essential for the development of 
reproductive function and play a critical role in 
maintaining the structural and functional integrity of 
vaginal tissues, and modulating physiologic changes 
occurring during sexual arousal.***° Ovariectomy caused 
vaginal atrophy and reduced vaginal epithelial cell 
maturation. In addition, clinical and experimental 
studies have suggested a role for estrogens in modulating 
genital blood flow. In women, the decline in circulating 
estrogen associated with the menopause affects vaginal 
lubrication and can be responsible for clitoral fibrosis and 
diminished thinning of the vagina wall.*” 

Likewise, ovariectomized or estrogen-deprived female 
rats show a low increase in vaginal and clitoral blood flow 
following pelvic nerve stimulation and a significantly 
reduced vaginal lubrication in comparison to controls.** 
In these females, normal physiologic responses associated 
with sexual arousal can be restored by estrogen treatment. 
Vaginal smooth muscle contractility seems also to be reg- 
ulated by estrogens. It has been suggested that estrogens 
may modulate blood flow by regulating the local levels of 
NO and VIP. 

In contrast, the physiologic changes that accompany 
orgasmic responses have been shown to be present even in 
the absence of steroid hormones.*” Furthermore, ovariec- 
tomy does not affect the UG reflex.” 


Role of steroid hormones in sexual behavior In women 
both estrogens and androgens are critical for sexual desire, 
arousal, and orgasm. The fluctuations of circulating 
hormones across the ovarian cycle are often associated with 
libido changes.”' The strong motivation for sexual activity 
at the time of ovulation may be due to the peak of steroid 
hormones. Furthermore, administration of androgens 
seems to enhance sexual interest.” 
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Diagram of brain structures and putative central pathways involved in sexual responses. Hatched lines indicate sensory afferents. 
Abbreviations: BNST, bed nucleus of stria terminalis; LSt, lumbar spinothalamic; MeA, medial amygdaloid nucleus; MPOA, medial preoptic 
area; Nac, nucleus accumbens; PAG, periaqueductal gray; nPGi, paragigantocellular nucleus; PNpd, posterodorsal preoptic nucleus; PVN, 


paraventricular hypothalamic nucleus; SPFp, parvicellular part of the subparafascicular thalamus; VMH, ventromedial hypothalamus. 
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In animals also, both appetitive and consummatory sex- 
ual behaviors are tightly regulated by sex steroids. Estradiol 
and progesterone regulate different aspects of female 
sexual behavior and must be present in a precise temporal 
sequence that varies across species. Ovariectomized 
females do not display any trait of sexual activity and treat- 
ment with estradiol alone restores only receptive behaviors 
whereas both sex steroids are necessary to induce procep- 
tivity. The VMH plays a critical role in the hormonal regu- 
lation of lordosis. Neurons in the VMH, and particularly 
the ventrolateral region, concentrate both estradiol and 
progesterone receptors.” 


Neurotransmitters and 
neuropeptides regulating female 
sexual response 


The presence of a variety of neurotransmitters has been 
demonstrated in the vagina and the clitoris, but their 
physiologic role at the peripheral level remains largely 
unknown. However, numerous animal studies have evi- 
denced central mechanisms of action of different neuro- 
transmitters and neuropeptides in the control of female 
sexual responses. 


Acetylcholine and noradrenaline The respective role of 
the sympathetic (classic neurotransmitter noradrenaline, 
NA) and parasympathetic (classic neurotransmitter 
acetylcholine, Ach) systems in the control of female sexual 
response remain unclear. At the peripheral level, NA exerts 
an inhibitory effect on female sexual genital responses.* 
Despite the rich cholinergic vaginal innervation, Ach 
appears to play a minor role in the control of vaginal blood 
flow, sexual arousal, and orgasm. In women, atropine 
delivered intravenously does not affect the vaginal blood 
increase elicited by masturbation, nor subjective sexual 
arousal.” In female rats, intravenous injection of atropine 
only slightly decreased vaginal blood engorgement and 
vaginal smooth muscle contractions induced by pelvic 
nerve stimulation. 


Nonadrenergic noncholinergic neurotransmitters 
Several nonadrenergic noncholinergic (NANC) neuro- 
transmitters/mediators have been identified in the female 
animal genital tract including vasoactive intestinal polypeptide 
(VIP), nitric oxide (NO), neuropeptide Y (NPY), calcitonin 
gene-related peptide (CGRP), and substance P (SP). At the 
peripheral level, VIP and NO are generally considered as the 
most important facilitatory neurotransmitters of the genital 
arousal response, whereas NPY seems to produce inhibitory 
effects. In women, intravenous injection of VIP increases 
vaginal blood flow and elicits vaginal lubrication.** In-vivo 
experimental models have shown that NO can play a role in 
the control of vaginal blood flow, vaginal smooth muscle 


contraction, and clitoral erection.°°* Clinically, sildenafil 
enhances vaginal vasocongestion during erotic stimulus in 
healthy premenopausal women, but improves sexual arousal 
and orgasm in a minority of women suffering from sexual 
disorders.”>-'! 


Dopamine The effects of dopaminergic drugs in humans 
parallel those reported in animals. In rats, several studies 
monitored dopamine (DA) release during different phases of 
sexual behavior. DA increases in the MPOA, Nac, and dorsal 
striatum during copulation, but is also associated with 
anticipatory aspects of sexual activity.'°-'"* Pharmacologic 
studies showed that the effects of dopaminergic agonists or 
antagonists on female lordosis are variable and can have both 
facilitatory and inhibitory effects, according to the hormonal 
status of the females. Overall, the D1-like receptors, especially 
D5, play a critical role in the control of lordosis.!°%!” 
However, which DA receptor subtypes control female 
appetitive behaviors remain unclear. A recent study 
conducted in humans showed an association between the D4 
receptor gene and scores in scales measuring human sexual 
behavior including desire, arousal, and function." 


Serotonin Selective serotonin (5-HT) reuptake 
inhibitors (SSRIs) are noted for their inhibitory effects 
on female sexual behavior. Decreased libido, arousal 
difficulties, and delayed orgasm or anorgasmia are often 
reported by patients treated with antidepressant and 
antipsychotic drugs which directly or indirectly act on 5-HT 
receptors.*”' However, inhibitory side-effects vary from 
one antidepressant to another. Fewer adverse sexual effects 
may be observed when the antidepressant drug interacts 
with dopaminergic or noradrenergic systems, known to 
induce facilitatory effects on sexual behavior.!!°!!? 

In rats, the descending serotoninergic pathway originat- 
ing in the nPGi inhibits the UG reflex.''?!!* However, in the 
female rat, sexual behavior can be both facilitated and 
inhibited by 5-HT, depending on which subtypes of 5-HT 
receptors are activated.'!>!!® 5-HT1A receptors mediate 
inhibitory effects on female lordosis, whereas activation of 
5-HT2A/2C receptors facilitates not only female receptivity 
but also appetitive behaviors.'!7-!! 


Gamma-aminobutyric acid (GABA) and glutamate The 
presence of gabaergic and glutamatergic interneurons in 
the spinal cord leads to the hypothesis that these neurons, 
through their respective inhibitory and excitatory 
properties, can be involved in the intraspinal integration 
of information from the periphery. Furthermore, GABA 
and glutamate receptors in the VMH have been reported 
to mediate, respectively, facilitatory and inhibitory effects 
on female lordosis.!?°"!”* 


Melanocortin The melanocortin system is involved in the 
control of both appetitive and consummatory components 
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of female sexual behavior. Administration of o-melanocyte 
stimulating hormone (&-MSH) in the lateral ventricle, MPOA, 
VMN, median eminence, or zona incerta enhances female 
lordosis.!?3-'8 Melanotan-II and bremelanotide (PT-141), 
two peptides analog of a-MSH, selectively increase pro- 
ceptive behaviors, such as solicitation and hops and darts, 
without affecting lordosis.'*!°° The facilitatory effect of 
these peptides on female sexual desire is located within the 
MPOA, whereas their injection in the VMN has no effect.!9! 

A recent clinical study reported a positive effect of 
bremelanotide, a nonselective agonist of MC receptors, on 
sexual desire in premenopausal women with sexual arousal 
disorder.!* 


Oxytocin and vasopressin Data from humans and 
animal studies suggested that oxytocin (OT) might be 
involved in the control of sexual desire, arousal, and orgasm. 
In female rats, OT and arginine vasopressin (AVP) have 
opposite effects on female sexual behavior. Administration 
of an OT agonist in the MPOA enhances proceptivity, 
whereas injection of an OT antagonist decreases proceptive 
behaviors and increases male-directed agonistic 
behavior.'**-!°° Conversely, intracerebroventricular injection 
of AVP decreases not only lordosis but also hops and 
darts,'*7!°8 whereas injection of an antagonist of la 
subtype vasopressin receptors (Vla) administered the 
MPOA stimulates sexual receptivity’? and tends to 
increase hops and darts.” Both OT and Vla antagonist 
effects are localized in the MPOA, suggesting that 
endogenous OT and AVP can act synergistically between 
the MPOA, PVN, and the VMH, to contribute to the 
regulation of female sexual behavior. OT may also be 
involved in the control of orgasm, and could act 
synergistically with sex hormones to facilitate muscle 
contractions. 


Opioids In women, long-term opioid use has been 
associated with anorgasmia, absence of menstrual periods, 
elimination of sexual dreams, and infertility in some 
cases.'“° The effects of acute opioid administration on 
sexual behavior are very different from long-term opioid 
use. For example, opioid users describe the acute 
administration of heroin as producing an instantaneous, 
orgasm-like ‘rush’ of euphoria.'4! Endogenous opioids 
appear to be released during genital stimulation and 
orgasm, and may play an important role in the euphoric 
feeling of orgasm by binding to opioid receptors in the 
amygdala, the MPOA, the PVN, the NST, and/or the 
cingulate cortex, and by mediating the activation of other 
brain structures that receive projections from these areas. 
Opioid receptors are involved to a varying degree in the 
control of female sexual behavior. In female rats, selective 
t-opioid receptor agonists administered in the lateral ven- 
tricle, MPOA, or VMN inhibit the lordosis reflex, whereas 
6-opioid receptor agonists, when injected in the lateral 


ventricle but not in the MPOA, have a facilitatory effect on 
both proceptive and receptive behaviors. "144 


Male sexual function 


The different aspects of male sexual function include sex- 
ual desire, erection, ejaculation, and orgasm. The knowl- 
edge of the central nervous system control of male sexual 
function appears to lag far behind the understanding of 
local physiologic processes. The variety of transmitters that 
affect sexual behavior indicate that several neuronal sys- 
tems are involved in the control of the different aspects of 
sexual function. 

Little is known about the physiology of male sexual 
desire and this issue will not deserve a detailed paragraph 
in the present review. Sexual desire, also termed libido in 
humans, is defined as the biologic need for sexual activity. 
It encompasses detection of a suitable mate, approach to 
it, and establishment of initial contact. Behaviors associ- 
ated with sexual desire are highly variable and dependent 
on the context. Amongst the different factors that have 
been shown to be involved in the regulation of male 
sexual desire, dopaminergic and serotonergic systems, 
and gonadal hormones seem to play a key role. In both 
laboratory animal and human males, experimental and 
clinical data indicate that activation of central dopamin- 
ergic neurotransmission stimulates sexual behavior. !4>!4$ 
However, results in favor of the participation of DA are 
ambiguous and further investigations are necessary to 
clarify the role of this neurotransmitter. Conversely, 
increased central serotonergic neurotransmission can 
be associated with decreased libido in humans'*” and 
decreased sexual motivation in animals.'** The impor- 
tance of androgens, and more particularly testosterone, in 
enhancing libido is well known and has been reviewed 
elsewhere.!” 


Penile erection 
Neuroanatomy of the penis 


The penis is composed of three cylindrical spongy bodies, 
the paired corpora cavernosa and the corpus spongiosum, 
which surround the urethra (Figure 8.4). The corpora cav- 
ernosa lie side by side on the dorsal aspect of the penis, 
while the corpus spongiosum stands ventrally. At the level 
of the perineum, the corpora cavernosa split bilaterally to 
form the penile crura; each crus is attached to the pelvis via 
the ischiopubic ramus. The distal part of the corpus spon- 
giosum expands and covers the distal part of the corpora 
cavernosa to form the penile glans. The penile skin is con- 
tinuous with that of the abdominal wall and covers the 
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Transversal section of the penis. 


glans of the penis as the prepuce to reattach at the coronal 
sulcus. The corpora cavernosa and corpus spongiosum 
share common miscroscopic features. These formations 
consist of sinuses (trabeculae) lined by endothelium and 
separated by connective tissue septa. Surrounding the cor- 
pora cavernosa is the tunica albuginea. This multilayered 
structure of inner circular and outer longitudinal layers of 
connective tissue affords great flexibility, rigidity, and tis- 
sue strength to the penis. The inner coat contains the cav- 
ernous tissue and supports it by radiating throughout the 
cavernosum bodies. The outer coat extends from the penile 
glans to the proximal crura and provides strength to the 
tunica albuginea. The tunica albuginea is composed of 
fibrillar collagen in organized arrays interlaced with elastin 
fibers. 

The vascular components of the penis are of particular 
importance in erectile function (Figure 8.4). The blood 
supply to the penis is primarily provided by the internal 
pudendal artery, a branch of the internal iliac artery. 
Alternatively, the main blood supply to the erectile tissue 
can be provided by accessory internal pudendal arteries. 
After passing through the Alcock’s canal, the internal 
pudendal artery becomes the common penile artery which, 
at the level of the perineum, gives off the bulbourethral, 
cavernosum, and dorsal penile arteries. The bulbourethral 
artery supplies the urethra and the glans. The cavernosal 
arteries, which run in the corpora cavernosa, give rise to 
the helicine resistance arteries furnishing the trabecular 
erectile tissue with blood. The dorsal penile artery proceeds 
down the penis on its dorsal aspect to supply superficial 
components of the penis, and possibly the erectile bodies 
via circumflex arteries. The venous drainage system of the 
penis occurs at three levels. Superficially, on the dorsal 
aspect of the penis, the superficial dorsal vein drains the 
skin into the saphenous vein via the external pudendal 
veins. The intermediate system consists of the deep dorsal 
and circumflex veins. The deep dorsal vein receives blood 


from emissary veins, which arise from subtunical venules 
draining trabeculae and passing through the tunica albug- 
inea, and circumflex veins. In the infrapubic region, the 
deep dorsal vein drains into the pelvic preprostatic venous 
plexus or the internal pudendal veins. The deep drainage 
system includes the crural and cavernosal veins that drain 
the deeper cavernous tissue and empty into the internal 
iliac veins via the internal pudendal veins. 

The innervation of the penis is provided by sympa- 
thetic, parasympathetic, and somatic (motor and sen- 
sory) systems. Sympathetic preganglionic fibers arise 
from preganglionic neurons located from the 11th tho- 
racic to the 2nd lumbar spinal cord segments (T11—L2) in 
humans. The sympathetic preganglionic fibers travel 
throughout the thoracic paravertebral sympathetic chain 
and then via the lumbar splanchnic nerves to the pre- 
vertebral ganglia in the inferior mesenteric and superior 
hypogastric plexi. From there, fibers reach the pelvic 
plexus via the hypogastric nerves. In addition, sympa- 
thetic preganglionic axons synapse with ganglion cells in 
the sacral and caudal lumbar ganglia of the paravertebral 
sympathetic chain and then postganglionic fibers reach 
the pelvic plexus via the pelvic nerves. The parasympa- 
thetic preganglionic fibers originate in neurons located in 
the second, third, and fourth sacral spinal cord segments 
(S2-S4) in humans. The parasympathetic preganglionic 
fibers traveling via the pelvic nerve join sympathetic 
nerves to form the pelvic plexus. One branch of the pelvic 
plexus that innervates the penis is the cavernous nerve. 
Autonomic fibers passing in the cavernous nerve provide 
innervation to cavernosal smooth muscle cells as well as 
to the arterial supply of the penis. Sacral motoneurons 
(S2-S4) also send projections, via the pudendal nerves, to 
the ischiocavernosus muscles. Their rhythmic contrac- 
tions reinforce penile erection by compression of the 
engorged corpora cavernosa. The somatic sensory path- 
way consists of the dorsal nerve of the penis, a sensory 
branch of the pudendal nerve. The dorsal nerve of the 
penis carries impulses to the upper sacral and, in rats, 
lower lumbar segments of the spinal cord from sensory 
receptors harbored in the penile skin, prepuce, and glans. 
Encapsulated receptors (Krause—Finger corpuscles) have 
been found in the glans, but the majority of afferent 
terminals are represented by free nerve endings.” 


Local control of erection 


Penile erection takes place when dilation of the penile 
arteries, mechanical occlusion of veins draining erectile tis- 
sue because of the rigidity of the tunica albuginea, and 
relaxation of the smooth cells of the erectile tissue occur. 
Penile artery dilation results in increased arterial blood 
flow to the penis, constriction of emissary veins which 
drain the corpora cavernosa results in decreased outflow 
from the penis, and erectile tissue relaxation results in 
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engorgement of the penis with blood (Figure 8.5). Both 
arterial and erectile tissue relaxations rely upon a change in 
the tone of the arterial wall smooth muscle fibers and of 
that of the erectile tissue (trabeculae of the corpora caver- 
nosa). It is the amount of intracellular, cytoplasmic cal- 
cium that controls the tone of smooth muscle fibers. 
Increasing this amount, through the release of calcium 
from intracellular stores (sarcoplasmic reticulum) and/or 
facilitating its entry from the extracellular milieu, leads to 
contraction. In the flaccid state, smooth muscle fibers of 
the penis and penile arteries are contracted. Decreasing the 
amount of intracellular calcium, through pumping it back 
into the sarcoplasmic reticulum or expelling it out of the 
cell, leads to relaxation. During erection, the smooth 
muscle fibers of the penis and penile arteries are relaxed. 
Depending on the smooth muscle fibers involved, intracel- 
lular calcium movements are either spontaneous or con- 
trolled by information from the extracellular milieu. With 
regard to the penis, this information is carried by a variety 
of chemical messengers that are released by endothelial 
cells and autonomic nerve terminals. Both endothelial cells 
and nerve terminals are present in the penis and penile 
arteries. Chemical messengers either interact with specific 
receptors present at the surface of the smooth muscle fiber 
membrane, or cross the membrane to reach intracellular 
targets. Interaction of the messengers with their receptors 


activates the first step of cascades of intracellular mecha- 
nisms. Erection is mainly due to the increased synthesis of 
two intracellular second messengers, the cyclic nucleotides 
guanosine monophosphate (cGMP) and adenosine 
monophosphate (cAMP). cGMP and cAMP are degraded 
by phosphodiesterases. The pro-erectile chemicals facilitate 
the synthesis or the accumulation, or prevent the degrada- 
tion of cGMP and/or cAMP. Increasing the amounts of 
intracellular cGMP and cAMP leads to relaxation. Because 
smooth muscle fibers of the penis are connected with gap 
junctions, it is not required that chemical messengers reach 
all of the cells to elicit an effect. Indeed, gap junctions allow 
for a rapid spread of electro-tonic current and intercellular 
diffusion of second messengers and ions.'*! 

The neurotransmitters released by the postganglionic 
nerve terminals of the sympathetic and parasympathetic 
pathways in the penis are of particular importance in the 
local control of erection. NA and NPY are released in the 
erectile tissue by the terminals of sympathetic fibers. NA is 
the major contractile agent of the cavernosal as well as 
penile artery smooth muscle cells, and NPY enhances its 
effects. NA plays a role in flaccidity and detumescence.'*” 
The terminals of parasympathetic fibers release Ach, VIP, 
and NO. Ach contracts cavernosal smooth muscle in vitro, 
and erection is rather resistant to the cholinergic antagonist 
atropine. Therefore Ach cannot be the candidate to exert a 
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direct relaxant effect on cavernosal smooth muscle. In fact, 
it activates the synthesis of NO by NO synthase in endothe- 
lial cells through muscarinic receptors located on endothe- 
lial cells. The relaxant effects of VIP!” and NO™*+! released 
by nerve terminals in the penis have been demonstrated. 
NO increases the production of cGMP in smooth muscle 
fibers, and it is recognized as the most important factor in 
the local relaxation of erectile tissue smooth muscle. The 
importance of this mechanism in humans is supported by 
the successful development of phosphodiesterase type-5 
inhibitors, which prevent catabolism of cGMP, in the treat- 
ment of erectile dysfunction, regardless of whether the 
cause is due to psychogenic, organic, or mixed factors.!°° In 
addition to the release of transmitters by the endings of 
autonomic postganglionic motor fibers, there exists a 
release of neuropeptides by the peripheral endings of auto- 
nomic sensory fibers. Although some of these peptides (e.g. 
substance P (SP) and calcitonin gene-related peptide 
(CGRP)) display vasorelaxant effects in vitro, their physio- 
logic role in the control of erection remains to be demon- 
strated. Endothelin, one of the most powerful endogenous 
vasoconstricting peptides, is synthesized in the endothelial 
cells of the erectile tissue and has been suggested to con- 
tribute to the maintenance of corpora cavernosa smooth 
muscle tone.!” The role of prostanoids, which can be pro- 
duced locally in human corpus cavernosum, is unclear. 
Some of them (e.g. prostaglandin F, and thromboxane A,) 
may exert a contractile effect on erectile tissue, whereas 
others (prostaglandins E, and E,) cause relaxation. Local 
administration (intracavernosal or transurethral) of 
prostaglandin E, has been found effective for the treatment 
of erectile dysfunction in humans, although the route of 
administration can cause mild penile pain.'*” 

In contrast with other visceral tissues (e.g. gut, uterus) 
which possess smooth muscle cells that contract sponta- 
neously and rhythmically (pacemaker cells), and intrinsic 
innervation (autonomic ganglion cells present in the wall 
or at the outer surface of the organ), the erectile tissue is 
devoid of such an autonomy. Therefore its activity is 
dependent on the autonomic innervation that originates in 
the spinal cord. 


Spinal control of erection 


The spinal cord contains the three sets of motoneurons 
(thoracolumbar sympathetic, sacral parasympathetic, and 
sacral somatic) that are anatomically linked with the penis 
and functionally involved in the erectile response elicited by 
any kind of sexual stimulation, i.e. peripheral and/or cen- 
tral. The majority of the sympathetic preganglionic cell 
bodies whose axons run in the paravertebral sympathetic 
chain are located in the intermediolateral cell column of 
T11-L2 spinal segments. Other sympathetic preganglionic 
neurons, which send axons into the hypogastric nerve, 


originate in the DGC.'*8 The cell bodies of the pregan- 
glionic parasympathetic neurons are located in the inter- 
mediolateral cell column of the S2-S4 segments of the 
spinal cord in an area referred to as the SPN. In humans, the 
sacral motoneurons are located in the ventral cord of the 
S2-S4 spinal segments in the Onuf’s nucleus. In rats, two 
distinct nuclei (dorsomedial and dorsolateral) constitute 
the Onuf’s nucleus; the somatic motoneurons innervating 
the ischiocavernosus muscles are found in the dorsolateral 
nucleus.'* The different spinal centers involved in the con- 
trol of erection are reciprocally connected, allowing syn- 
chronization of the peripheral events leading to erection. 
The intraspinal network extending over the thoracolumbar 
and sacral spinal segments has been revealed by neuro- 
anatomic tract tracing techniques using the transsynaptic 
retrograde transport of PRV injected in the penis of rats.” 

The spinal cord represents a key structure integrating 
excitatory and inhibitory information from the periph- 
ery and from supraspinal nuclei. Erection likely occurs 
when the convergence of peripheral and supraspinal 
information onto the spinal cord elicits a lowering of the 
activity of the thoracolumbar sympathetic ‘anti-erectile’ 
pathway and an increase in the activity of both the sacral 
parasympathetic and somatic pro-erectile pathways. 
There may also be a pro-erectile role for a component of 
the sympathetic innervation which is responsible for 
vasoconstriction of nonpenile areas to divert blood to 
the penis.'°° 

The primary role of afferent signals from the genitalia in 
the induction of erection (i.e. reflexive erection) is well 
documented. In anesthetized rats, electrical stimulation of 
the dorsal nerve of the penis elicits evoked potentials on 
the cavernous nerve,'® intracavernosal pressure rises, and 
contraction of the perineal striated muscles.'°°'*! In 
humans too, genital stimulation elicits penile erection, an 
increased blood flow to the penis, and contraction of the 
perineal striated muscles.!6>16 These data indicate that 
stimulation of penile sensory pathways is able to recruit the 
different autonomic and somatic nuclei of the spinal cord 
that control erection. Several lines of evidence indicate that 
the spinal cord contains the necessary circuitry for produc- 
ing penile erection. In animals with a complete section of 
the spinal cord at the thoracic level, genital stimulation can 
elicit reflexive erection as well as secretion of seminal fluid 
from the accessory sex glands, contraction of the perineal 
striated muscles, and movements of the hindlimbs, that are 
mediated by spinal segments lower than the lesioned 
ones.'°!°° Reflexive erections are also observed in patients 
with a lesion of the spinal segments higher than the sacral 
ones, 16167 

Not only has the spinal cord to manage with the circuits 
of erection, it is also responsible for the coordination of 
erection with other sexual responses such as ejaculation, 
and the inhibition of the activity of other pelvic functions 
such as micturition and defecation. The hyperreflexia, 
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dyssynergia, altered erection, and/or ejaculation observed 
in patients with a lesion of the spinal cord reflect 
the important role of supraspinal structures in this 
coordination. 


Supraspinal control of erection 


In humans and animals, penile erection occurs in several 
contexts, some of which are not related to the sexual context 
(in utero or during paradoxical sleep). It is possible that sev- 
eral different areas of the brain contribute to the occurrence 
of erection in the different contexts.'°* Each context may 
reflect the contribution of a unique combination of several 
brain nuclei, and one brain nucleus may participate in the 
occurrence of erection in several contexts. The participation 
of each nucleus in erection depends on the amount of exci- 
tatory and inhibitory information that it receives from the 
periphery and from other central nuclei, and to a lesser 
extent on its hormonal environment. 

The first candidates for a role in the supraspinal control 
of erection are those nuclei containing neurons that project 
directly onto the sacral spinal cord. With regard to penile 
erection in rats, these neurons have been localized using 
detection of PRV injected in the corpus cavernosum and 
retrogradely transported to the CNS.'®? Neurons contain- 
ing PRV were found in a variety of areas of the medulla 
oblongata (raphe nuclei, nPGi, locus coeruleus, and 
Barrington’s nucleus), pons (A5 noradrenergic cell group 
and PAG), and hypothalamus (PVN). Expression of the 
transcription factor encoded by the immediate early gene 
c-fos has also been used to identify populations of neurons 
activated following sexual behavior in male rats.°°!7%'7! In 
addition, investigation of the c-fos pattern of expression 
showed neuronal activation in forebrain regions (MPOA, 
BNST, and MeA) integrating higher sensory inputs with 
hormonal ones and sending information to brainstem 
sites. Attempts to demonstrate the role of these brain struc- 
tures in the control of erection have used, among other, 
selective central stimulation or lesions in animal models. 
MPOA is a key structure in the central control of male sex- 
ual behavior. Electrostimulation of this brain area induces 
erection,'” and lesions at this site limit copulation!”*'”* 
although they do not impair either erection in the presence 
of an inaccessible female on heat (noncontact erection) or 
erection induced by mechanical stimulation of the penis 
(reflexive erection).'”> MPOA is not a source of direct pro- 
jections to the spinal cord, instead it integrates sensory and 
hormonal signals and projects to brain nuclei in direct 
connection with the spinal centers involved in the control 
of erection. One of these brain nuclei of particular impor- 
tance is the PVN, more particularly the parvocellular part. 
It contains neurons that send direct oxytocinergic and 
vasopressinergic projections to the lumbosacral cord. 
Lesions in the PVN increase the latency of noncontact 


erections and diminish their number, but are devoid of 
effect upon erection during copulation, and facilitate 
reflexive erections.'”'7” Conversely, stimulation of PVN 
induces erection in anesthetized rats.!”8 The nPGi provides 
descending serotoninergic fibers to the lumbosacral cord. 
Its bilateral lesion releases inhibition exerted upon reflexive 
erections and erections during copulation.'”°'”*'® Finally, 
lesions of the MeA, that have no effect upon erections dur- 
ing copulation, facilitate reflexive erections but depress 
noncontact erections.!*! 

Among the supraspinal neurologic conditions that can 
cause erectile dysfunction through alteration of central 
pathways are brain tumor, stroke, encephalitis, Parkinson’s 
disease, dementias, the olivopontocerebellar degeneration 
(Shy—Drager syndrome), and epilepsy of the temporal 
lobe.'*? In contrast, erections occur after lesions of the 
pyriform cortex and amygdaloid complex (the Kluver— 
Bucy syndrome). 


Central neurochemical regulation of 
erection 


The precise role of endogenous substances in the regula- 
tion of one sexual aspect is difficult to define because of the 
wide range of sexual parameters affected, species differ- 
ences, conflicting results depending on the site in the CNS 
where the substance acts, and the existence of receptor sub- 
types. An extensive review of the studies dealing with the 
central neurochemical regulation of sexual behavior is 
beyond the scope of the present review and has been pro- 
posed elsewhere.'*>'**:'84 Here, we attempted to present 
briefly the data directly related to erectile and ejaculatory 
(later in the text) functions. Erection is an integrated and 
coordinated process involving different brain structures 
and a variety of centrally acting neurotransmitters and 
hormones. 

Depending on the site of action and the 5-HT receptor 
subtype activated, 5-HT enhances or inhibits erection. 
Activation of spinal 5-HT1A receptors inhibits reflexive 
erection,'®> whereas spinal 5-HT2C receptors are thought 
to enhance erectile activity.'°° The involvement of DA in 
penile erection was first suggested by the observation of 
enhanced erection in Parkinson’s patients treated with DA 
agonists.!% Later, it was demonstrated in rats that stimu- 
lation of D1 receptors in PVN'** and D1 or D2/3 receptors 
in the spinal cord'® can produce erection. In addition, it 
was found that the microinjection of a D4 agonist into the 
PVN elicited penile erection in rats.'°° The D1/D2-like 
agonist apomorphine has been registered in Europe for 
the treatment of erectile dysfunction, although its use is 
limited because of frequently occurring side-effects as well 
as limited efficacy.'°! Conversely, to the periphery where it 
has been found that adrenaline and NA can exert anti- 
erectile activity by acting on 1 adrenoreceptors,'” brain 
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02 adrenergic receptor stimulation was found to inhibit 
erections.’ OT can trigger erection in rats when injected 
into the PVN and hippocampus! as well as by acting on 
OT receptors located in the lumbosacral spinal cord.” 
Morphine, a preferential agonist for u opioid receptor 
subtypes, when injected into the PVN prevents noncon- 
tact penile erections that occur in male rats in the presence 
of an inaccessible sexually receptive female.” In addition 
to the primary pro-erectile role of NO locally produced in 
erectile tissue, this substance has been involved as an 
important pro-erectile messenger in the CNS, and espe- 
cially within the PVN.'°7!°8 NO seems to play a pivotal 
role since DA and OT induce NO release in PVN, and NO 
synthase inhibitors delivered within the PVN reverse the 
proerectile effect of DA and OT.!” Adrenocorticotropic 
hormone (ACTH) and o-MSH are peptides derived from 
a common precursor, pro-opiomelanocortin. Both ACTH 
and o&-MSH can trigger penile erection when injected in 
cerebral ventricles of rats *°°?°! by acting on melanocortin 
receptors.*”! In erectile dysfunction patients, the use of 
the melanocortin 3/4 receptor subtype agonist PT-141 
(bremelanotide) has proven effective in restoring erectile 
function.’ Prolactin has been shown to decrease the 
frequency of reflexive erections in rats by acting at a 
supraspinal site.*°°?" In addition, prolactin may have a 
direct effect on the penis through a contractile effect on 
the cavernous smooth muscle.” 


Ejaculation 


Spermatozoa transported from the epididymis and secre- 
tions of the bulbourethral glands, prostate, and seminal 
vesicles compose the sperm. In human males, the fluid is 
released from the glands in a specific sequence during ejac- 
ulation. The first portion of the ejaculate consists of a small 
amount of fluid from the bulbourethral glands. This is fol- 
lowed by a low-viscosity opalescent fluid from the prostate 
containing a few spermatozoa. Then the principal portion 
of the ejaculate is secreted which contains the highest con- 
centration of spermatozoa, along with secretions from the 
epididymis, and vas deferens, as well as prostatic and sem- 
inal vesicle fluids. The last fraction of the ejaculate consists 
of seminal vesicle secretions. 


Anatomic organization of sexual 
organs involved in ejaculation 


The importance of the autonomic nervous system in regu- 
lating the ejaculatory response is well documented. All of 
these organs receive a dense autonomic innervation com- 
posed of sympathetic and parasympathetic axons mainly 
coming from the pelvic plexus. The ganglia of the pelvic 
plexus, that are dispersed in amongst the pelvic organs in 


most animal species, contain fibers from both pelvic and 
hypogastric nerves and from the caudal paravertebral sym- 
pathetic chain.*” In addition to adrenergic and cholinergic 
mechanisms of regulation of ejaculation, NANC factors 
including ATP,207-209 NPY,?!0211 VIP,Z!2:213 and NO14213 
have been shown to have a direct participation in the 
peripheral control of ejaculation. 

Two main categories of anatomic structures involved in 
ejaculation can be distinguished depending on the phase 
they participate in. 


Organs of emission 


Epididymis: The epididymis, the organ in which spermato- 
zoa undergo final maturation and storage prior to ejacula- 
tion, receives fibers originating in the superior and inferior 
spermatic plexi. Both adrenergic and cholinergic axons 
have been found to contact smooth muscle cells of the epi- 
didymis.7!* The presence of VIP," NPY (colocalized with 
NA in the sympathetic fibers),?!° CGRP?” SP, and NO 
synthase*!> immunoreactive fibers has also been reported 
in the cauda epididymis. 


Ductus deferens: Neuroanatomic studies have identified a 
limited number of categories of nerve endings in the duc- 
tus (or vas) deferens. It is widely accepted that the ductus 
deferens is dually innervated in the sense that both adren- 
ergic and cholinergic nerves, arising from the pelvic plexus, 
exist. VIP and NPY are the most common peptides found 
in the nerve endings in the ductus deferens in various 
animal species. Other peptides including enkephalin, SP, 
somatostatin, and CGRP have also been detected in the 
ductus deferens, although to a lesser extent.*'®?!° As an 
additional autonomic pathway of importance, the nitrergic 
network can be cited since its fibers have been shown to 
terminate in the ductus deferens.””° 


Seminal vesicles: They are a pair of tubular glands whose 
stroma is composed of smooth muscle layers. Seminal 
vesicles, responsible for the secretion of 50-80% of the 
entire ejaculatory volume, receive a dual sympathetic and 
parasympathetic innervation from the hypogastric and 
pelvic nerves via the pelvic plexus. The adrenergic inner- 
vation is distributed in both inner and outer smooth 
muscle layers. In contrast, the cholinergic nerve endings 
are located at the level of the epithelium. The distribution 
of fibers immunoreactive for VIP and NPY has been 
shown to share some similarities with that of parasympa- 
thetic and sympathetic nerve endings, suggesting the 
colocalization of VIP and NPY with Ach and NA, respec- 
tively.” >??? Finally, NO synthase has also been found to 
be expressed in nerve fibers branching within the seminal 
vesicle.” 


Prostate gland: Roughly considered, the prostate gland is a 
tangle of fibromuscular tissue and alveolar epithelium that 
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secretes 15-30% of the sperm. Anatomic, neurochemical, 
and functional studies have pointed out the interspecies 
heterogeneity of the structure of the prostate. Despite this, 
some common features concerning the autonomic control 
of contractile and secretory functions of the prostate can 
be underlined. As in other genital organs, i.e. the ductus 
deferens and seminal vesicle, the prostate is dually inner- 
vated by the sympathetic and parasympathetic systems. 
The distribution of the adrenergic fibers driven by the 
pelvic nerve is restrained to blood vessels supplying the 
prostate.”** The neural inputs reaching the prostatic 
parenchyma appear to originate from adrenergic and 
cholinergic postganglionic neurons that are under the 
influence of sympathetic tone conducted by the hypogas- 
tric nerve.’”? A study using a transneuronal tracing tech- 
nique has demonstrated the presence of adrenergic and 
cholinergic axon terminals in the outer muscle layer and 
inner secretory layer of the prostatic acini, respectively.” 
Autoradiographic investigations carried out in rats and 
humans indicate that muscarinic receptors and a1 
adrenoreceptors are predominant in the nonpathologic 
prostate, although @2 and B adrenoreceptors have also 
been detected.””°”’” VIP is the most common peptidergic 
neurotransmitter in the prostate.’ The second most 
abundant neuropeptide in the prostate is NPY.*** In addi- 
tion, axon terminals immunoreactive for enkephalin have 
been detected in the smooth muscle layers of the 
prostate.?* ? Lastly, immunohistochemical data have 
reported the existence of a dense nitrinergic innervation of 
glandular epithelium, fibromuscular stroma, and blood 
vessels.” 


Bulbourethral glands: Typically, the bulbourethral or 
Cowper’s glands, that empty their secretions into the ure- 
thra, are closely invested by a layer of striated muscle, namely 
the bulboglandularis. The autonomic innervation of the 
bulbourethral glands has received little attention. Whereas 
no adrenergic elements have been detected in the bulbo- 
urethral glands of rats, cholinergic fibers were found around 
acini.”!” Retrograde tracing experiments suggest that these 
cholinergic fibers may constitute a sacral parasympathetic 
innervation of the bulbourethral glands.”*! 


Anatomic structures participating in expulsion 


Bladder neck and urethra: The bladder neck and the 
urethra, both containing smooth muscle layers, play an 
important role in the ejaculatory reflex. These structures 
receive a dual innervation from the sympathetic and 
parasympathetic systems, the axons of which travel along 
the hypogastric and pelvic nerves that join in the pelvic 
plexus. The urethral distribution of adrenergic and 
cholinergic axon terminals exhibits a similar pattern, 
both branching within the smooth muscle layers.” Both 
al and @2 adrenoreceptors have been identified in the 


urethra of various species, with the first being mainly 
located in smooth muscle cells and the second in the sub- 
mucosa.’ Another cholinergic extrinsic efferent is com- 
posed of somatic fibers that proceed via the pudendal 
nerve to the striated muscle layer, namely the rhabdos- 
phincter, at the distal part of the urethra.” The existence 
of ganglion cells located in the smooth muscle layers of 
the urethra has been reported.**4 These cells have been 
shown to be immunoreactive for NPY and NO syn- 
thase.”*>3° Histochemical studies performed in several 
species have revealed the presence of VIP-containing 
nerve endings that synapse with smooth muscle cells of 
the bladder neck and the urethra.*** Depending on the 
animal tested, enkephalin and somatostatin have also 
been detected in ganglion cells and/or axon termi- 
nals.*°”38 Finally, urethral afferents, reaching the lum- 
bosacral spinal cord via pelvic, hypogastric and pudendal 
nerves, have been found to contain SP and CGRP.?7239 


Perineal striated muscles: The pelvic floor striated mus- 
cles, including the ischiocavernosus, bulbospongiosus, and 
levator ani, have a preponderant role in the expulsion of 
semen from the urethra. They appear to be solely inner- 
vated by motoneurons whose fibers travel in the motor 
branch of the pudendal nerve. 


Peripheral neural pathways 


Afferents The dorsal nerve of the penis, a sensory branch 
of the pudendal nerve, carries impulses to the lower lumbar 
and upper sacral segments (sacral in human) of the spinal 
cord from sensory receptors harbored in the penile 
skin, prepuce, and glans (Figure 8.6).7“°*4! Encapsulated 
receptors (Krause—Finger corpuscles) have been found in 
the glans, but the majority of afferent terminals are 
represented by free nerve endings.'*° Stimulation of the 
Krause—Finger corpuscles, which can be potentiated by 
sensory information coming from various peripheral areas 
such as the penile shaft, perineum, and testes, facilitates 
the ejaculatory reflex. In various mammalian species, a 
relatively sparse sensory innervation of the ductus deferens, 
prostate, and urethra has been evidenced, which reaches the 
lumbosacral spinal cord via the pudendal nerve.” A 
second afferent pathway comprises fibers traveling along 
the hypogastric nerve and, after passing through the 
paravertebral lumbosacral sympathetic chain, it enters the 
spinal cord via the thoracolumbar dorsal roots.” Sensory 
afferents terminate in the medial dorsal horn and the DGC 
of the spinal cord.*?! 


Efferents The soma of the preganglionic sympathetic 
neurons are located in the intermediolateral cell column and 
in the central autonomic region of the thoracolumbar 
segments of the spinal cord.**>’4° The sympathetic fibers, 
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emerging from the spinal column via the ventral roots, relay 
in the paravertebral sympathetic chain. In the majority of 
mammalian species, the fibers then proceed to the inferior 
mesenteric ganglia, whether directly via the splanchnic 
nerves or after relaying in the celiac superior mesenteric 
ganglia via the intermesenteric nerves.” Emanating from 
the inferior mesenteric ganglia are the hypogastric nerves 
that, after joining the parasympathetic pelvic nerve, form 
the pelvic plexus from which arise fibers innervating the 
anatomic structures involved in ejaculation (Figure 8.6). 
The cell bodies of the preganglionic parasympathetic 


Sensory 
afferents 


Sensoryinputs tothalamus 
andcerebralcortex 


Figure 8.6 

Neural pathways controlling 
ejaculation. Sympathetic (È), 
parasympathetic (PZ), and somatic 
nerves originating in lumbosacral spinal 
nuclei command the peripheral 
anatomical structures responsible for 
ejaculation. Sensory afferents 
originating in genital areas are 
integrated at the spinal and brain 
levels. Activity of spinal preganglionic 
and motor neurons is under the 
influence of peripheral and supraspinal 
inputs. Abbreviations: BN, bladder 
neck; BS, bulbospongiosus muscle; Ep, 
epididymis; P, prostate; SV, seminal 
vesicle; VD, vas deferens. 


neurons are located in the intermediolateral cell column of 
the lumbosacral segments of the spinal cord, i.e. SPN.” The 
SPN neurons send projections, traveling in the pelvic nerve, 
to the postganglionic cells located in the pelvic plexus. 

Efferents of somatic motoneurons, whose cell bodies 
are found at the lumbosacral spinal level (sacral level in 
man) in the Onuf’s nucleus, exit the ventral horn of the 
medulla and proceed via the motor branch of the puden- 
dal nerve to the pelvic floor striated muscles, including 
the bulbospongiosus and ischiocavernosus muscles 
(Figure 8.6). 
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Functional considerations 


Sensory nervous system Sensory inputs have been shown 
sufficient to provoke an expulsion reflex or even a complete 
ejaculatory response (forceful expulsion of semen). 

In an experimental paradigm developed in anesthetized 
rat with complete transection of the spinal cord at the T8 
level, urethral distention by accumulating liquid infused 
into the urethra elicited rhythmic contractions of bul- 
bospongiosus muscles.” In the anesthetized and intact rat, 
pudendal nerve (the motor branch innervating the bul- 
bospongiosus and ischiocavernosus muscles) firing was 
elicited in response to electrical stimulation of the dorsal 
nerve of the penis and pelvic nerve, which convey sensory 
information from the penis and urethrogenital tract, 
respectively.” 

In humans also, contractions of the bulbospongiosus 
muscles identified with electromyographic electrodes were 
evidenced following electrostimulation of the penile dorsal 
nerve, mechanical distention of the posterior urethra, and 
magnetostimulation of the sacral root.” These proce- 
dures are currently used routinely to evaluate the integrity 
of neural pathways controling ejaculation, and have also 
served as a basis for developing a method that produces 
ejaculation in patients with neurogenic anejaculation. This 
method, namely penile vibratory stimulation, consists of 
placing a vibration-delivering device on the glans of the 
penis, either the dorsum or frenulum, and applying 
2.5 mm amplitude vibrations for 5-15 minutes in 1-3 
series.””®?+* Penile vibratory stimulation facilitated a com- 
plete ejaculatory response in a significant number of men 
with spinal cord injury.” 


Autonomic nervous system Both sympathetic and 
parasympathetic tones act in a synergistic fashion to initiate 
seminal emission by activating smooth muscle contraction 
and epithelial secretion, respectively, throughout the 
seminal tract. 

From experimental studies carried out in different ani- 
mal species, it has been demonstrated that activation of the 
sympathetic nervous system, whether stimulation of sym- 
pathetic nerves (hypogastric or splanchnic) or by the use of 
sympathomimetic agents, elicited a strong contractile 
response in the ducti deferens,” seminal vesicles,?°”7°° 
prostate,” and urethra.’ Contractions induced by 
sympathetic stimulation were blocked, only partially in 
ducti deferens and seminal vesicles,”°' by o,-adrenergic 
antagonists.*°° The functional role of parasympathetic 
cholinergic fibers conveyed by the pelvic nerves is still not 
fully defined, likely because of the differences in gross and 
microscopic anatomy of the prostate among species that do 
not allow straightforward extrapolation between animals. 
Contractions of the ductus deferens in rodents,*°°?” and of 
the prostate? and urethra*® in dogs, were elicited by 
electrical stimulation of the pelvic nerves, although no 


appreciable emission of fluid was observed.” Pharmacologic 
evidence relating to a cholinergic mechanism for both con- 
traction and secretion of prostate and seminal vesicles 
exists.7°8646 Essentially, these glands were activated by 
cholinomimetic compounds acting on muscarinic recep- 
tors. Altogether, the results of pelvic nerve stimulation 
and pharmacologic cholinergic activation led to the sug- 
gestion that sympathetic innervation to the prostate 
includes both adrenergic and cholinergic components, in 
contrast to the conventional view of the organization of 
pelvic autonomic pathways. 

In addition, peptidergic and purinergic systems are 
involved in the peripheral control of ejaculation although 
the precise mechanism remains to be clarified. Several lines 
of evidence have shown that VIP and NPY participate in 
contraction and secretion of prostate and seminal vesi- 
cles,*6!646” by apparently modulating NA release.**! The 
same regulatory role has been reported for NPY in ductus 
deferens contractions.”*! Finally, evidence has been 
marshaled that ATP, the main endogenous purine, acts as a 
cotransmitter with NA to produce prostatic, seminal 
vesicle, and ductus deferens contractions. ?” 

In humans, disruption of sympathetic pathways supply- 
ing the bladder neck, ductus deferens, and prostate is 
widely accepted to be the cause of postoperative anejacula- 
tion or retrograde ejaculation.” The essential role of 
sympathetic innervation is best illustrated by surgical 
strategies that, by sparing sympathetic efferents, success- 
fully preserve normal ejaculatory function in patients who 
have undergone retroperitoneal lymphadenectomy for tes- 
ticular cancer or resection for rectal cancer.” In addi- 
tion, in paraplegic men whose ability to ejaculate is 
commonly severely impaired, semen was obtained upon 
electrical stimulation of the hypogastric plexus.” As far as 
we know, there is no clear clinical evidence for a functional 
role of parasympathetic innervation in the ejaculatory 
process. 


Somatic nervous system The expulsion phase of 
ejaculation is under the sole control of the somatic nervous 
system. Forceful propulsion of semen out of the urethra via 
the glans meatus is caused by rhythmic contractions of 
perineal muscles and smooth muscles of the urethra. 
Owing to the fact that relatively noninvasive measurement 
of perineal muscle activity is possible in man, the expulsion 
phase has been shown to be characterized by synchronous 
activation of the ischiocavernosus, bulbospongiosus, and 
levator ani muscles, and the anal and urethral external 
sphincters.” The contractions are regular, with an 
interburst interval starting at approximately 0.6s and 
increasing by about 100 ms for each subsequent interburst 
interval. The typical number of bursts of contractions 
varies from 10 to 15, depending on the subject, although 
each subject’s pattern of contractions is reproducible.’ In 
the case of lesion of the pudendal nerves, as may occur after 
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trauma? or neuropathy related to diabetes, 
and/or dribbling ejaculation is observed. 


retrograde 


Central physiology of ejaculation 


As described previously, the sympathetic and parasympa- 
thetic nervous systems, closely interconnected in the pelvic 
plexus which represents an integrative peripheral cross- 
road site, act in synergy to command physiologic events 
occurring during ejaculation. Both sympathetic and 
parasympathetic tones are under the influence of sensory 
genital and/or cerebral erotic stimuli integrated and 
processed at the spinal cord level. 


Spinal network The thoracolumbar sympathetic and 
lumbosacral parasympathetic spinal ejaculatory nuclei, 
specifically the SPN, play a pivotal role in ejaculation as 
they integrate peripheral and cerebral signals and send 
coordinated outputs to pelvic organs that allow a normal 
ejaculation to occur. Integrity of these spinal nuclei is 
necessary and sufficient for the expression of ejaculation as 
demonstrated by the induction of the ejaculatory reflex 
after peripheral stimulation in animals with spinal cord 
transection and in humans after spinal cord lesion.” 
The conversion of sensory information into secretory and 
motor outputs involves spinal interneurons which have 
been identified in rats. The presence of these cells, named 
lumbar spinothalamic (LSt) cells, has been demonstrated in 
laminae X and VII of spinal lumbar segments 3 and 4. 
Immunohistochemical investigations have shown that LSt 
cells contain galanin, cholecystokinin, and enkephalin. In 
rat, spinal cord fibers of the sensory branch of the pudendal 
nerve terminate close to LSt cells,” although a direct 
connection has not yet been proved. LSt neurons project to 
the sympathetic and parasympathetic preganglionic neurons 
innervating the pelvis as well as the motoneurons of the 
dorsomedial nucleus innervating the bulbospongiosus 
muscles (Figure 8.3).?°° In addition, LSt cells send direct 
projections to the parvocellular subparafascicular nucleus 
of the thalamus.”*! All these data support a crucial role for 
LSt in coordinating the spinal control of ejaculation, 
although descending pathways that terminate on LSt have 
not yet been identified. 

A critical issue that is under increasing debate is the 
identification of the ejaculation trigger. A theory, proposed 
by Marberger,”® stipulates the triggering event as the 
build-up of a prostatic pressure chamber created by semi- 
nal secretions entering the posterior (bulbous) urethra 
with concomitant closure of the bladder neck. The result- 
ing distention of the bulbous urethra, communicated 
through sensory pathways to spinal ejaculatory centers, 
causes a series of rhythmic reflex contractions of the pelvic 
striated muscles responsible for forceful propeling of ure- 
thral content. Experimental and clinical data exist that 


support this description, although several lines of evidence, 
recently discussed in greater detail,’ actually contradict it. 
Indeed, it has been demonstrated that: 


(1) Anesthesia of the urethra by infusion with lidocaine 
did not prevent bulbospongiosus muscle contrac- 
tions elicited by urethral distention in the rat.” 

(2) Pharmacologic inhibition of seminal emission by 
a-adrenergic receptor antagonists did not prevent the 
occurrence of pelvic striated muscle contractions 
resulting in dry ejaculation, nor did it alter the related 
orgasmic sensation.” 

(3) Endorectal ultrasonography studies undertaken in 
healthy volunteers did not evidence the formation 
of a prostatic pressure chamber before semen 
expulsion.”®> 78 

(4) Distention of the urethra with a small volume of 
saline is unable to provoke bulbospongiosus muscle 
contractions,’ suggesting that, in the case of dry 
ejaculation, another mechanism triggers the expul- 
sion phase. 


Altogether these findings indicate that the expulsion phase 
of ejaculation can occur in the absence of urethral stimu- 
lation, and that the prostatic pressure chamber concept 
does not provide a definitive answer to the identity of the 
ejaculation trigger. Our purpose is not to reject the fact 
that stimulation of the urethra can initiate contractions of 
pelvic striated muscles — there is clear evidence in favor of 
this phenomenon — but rather we postulate this expulsion 
reflex as a secondary mechanism which may take place, in 
the absence of any sexual cue, to prevent possibly deleteri- 
ous accumulation of seminal fluid within the urethrogeni- 
tal tract. The search for another possible site triggering 
ejaculation has given rise to interesting studies. The rela- 
tively recent identification in the rat of a potential spinal 
ejaculatory generator in an ideal position for integrating 
peripheral and supraspinal inputs and commanding auto- 
nomic and motor outputs responsible for ejaculation 
seems promising,” although the evidence for such an 
integrative spinal site in man remains to be provided. 


Brain network As a centrally integrated and highly 
coordinated process, ejaculation involves cerebral sensory 
areas and motor centers which are tightly interconnected 
(Figure 8.3). Recent findings, based on studies investigating 
c-fos pattern of expression, have revealed, in distinct species, 
brain structures specifically activated when the animals 
ejaculate.'”'?°” This was further confirmed by investigators 
using a 5-HT1A subtype receptor agonist (8-OH-DPAT) as 
a pro-ejaculatory pharmacologic agent.’ As a whole, these 
data strongly suggest the existence of a cerebral network 
specifically related to ejaculation that is activated whatever 
the preceding sexual activity, i.e. mounts and intromissions 
in rats. The brain structures belonging to this cerebral 
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network comprise discrete regions lying within the 
posteromedial bed nucleus of stria terminalis (BNSTpm), 
the posterodorsal medial amygdaloid nucleus (MeApd), the 
posterodorsal preoptic nucleus (PNpd), and the parvicellular 
part of the subparafascicular thalamus (SPFp). Reciprocal 
connections between those substructures and the MPOA of 
the hypothalamus, a brain area known as essential in 
controling sexual behavior,” has been reported in anatomic 
and functional studies.”°”°”° 

The pivotal role of MPOA in ejaculation has been docu- 
mented in several experiments where both phases of ejacula- 
tion were abolished after MPOA lesion”! or elicited after 
chemical??? or electrical!!*?** stimulations of this brain 
area. Neuroanatomic studies failed to reveal the existence of 
direct connections between the MPOA and the spinal ejacu- 
latory centers. However, it was shown that MPOA projects to 
other brain regions involved in ejaculation such as the 
PVN,” the PAG,” and the nPGi.””” The PVN has long been 
known as a key site for neuroendocrine and autonomic inte- 
gration.” Parvocellular neurons of the PVN directly inner- 
vate autonomic preganglionic neurons in the lumbosacral 
spinal cord®?” and pudendal motoneurons located in the 
L5-L6 spinal segment in rats.” The PVN also sends direct 
projections to nPGi in the brainstem.*” Bilateral chemical 
lesion of the PVN with N-methyl-D (NMDA) was associated 
with a one-third reduction in the weight of the seminal mate- 
rial ejaculated.” Retrograde and antegrade tracing studies 
have shown that the SPFp sends projections to the BNST, 
MeA, and MPOA™°° and receives inputs from LSt cells.?*! 
These data suggest a pivotal role for the SPFp, although func- 
tional investigations are lacking. The other forebrain struc- 
tures which have been proposed, based on c-fos pattern of 
expression, to take part in regulation of the ejaculatory 
process in rat are the MeA, BNST, and PNpd.'7!?"° Their pre- 
cise roles remain unclear but they may be involved in the 
relay of genital sensory signals to the MPOA. 

In the brainstem, the nPGi and PAG have received 
increasing attention. A strong inhibitory role for the nPGi, 
which projects to pelvic efferents and interneurons in the 
lumbosacral spinal cord,''*?° on ejaculation in rats has 
been suggested from investigations using an experimental 
model, namely urethrogenital reflex, mimicking the expul- 
sion reflex.''?°°! The same experimental paradigm was 
used to demonstrate the important role of the PAG*® in 
controling expulsion reflex. In addition, as established in 
neuroanatomic studies, the PAG constitutes a relay 
between the MPOA and nPGi.???*° Clearly, midbrain 
structures exert a regulating function on ejaculation, but 
further investigations are required for revealing the details 
of the mechanism. 

A study using positron emission tomography (PET) to 
investigate increases in regional cerebral blood flow in man 
during ejaculation showed that the strongest activation 
occurs in the mesodiencephalic transition zone, including 
the VTA, medial and ventral thalamus, and SPFp.*°” 


Regarding the role of the neocortex in ejaculation, several 
studies have shown the intense activation of the parietal 
cortex during ejaculation by PET and functional magnetic 
resonance imaging (fMRI) techniques.*°”** This brain 
area is considered as a site which receives sensory informa- 
tion from pudendal sensory nerve fibers.*” 


Neurochemical regulation Similarly to the erectile 
function, various neurotransmitters and neurohormones 
participate in the control of ejaculation. However, less is 
known about the neurochemical regulation of ejaculation 
despite the recent progress in this field. Several lines of 
experimental evidence support the involvement of DA 
in ejaculation. It was shown that D2/D3 receptor 
stimulation promotes seminal emission and ejaculation in 
conscious rats and triggers ejaculation in anesthetized rats, 
likely by acting in the MPOA.!°3” A great body of 
evidence supports the inhibitory role of cerebral 5-HT on 
ejaculation in the rat model. The stimulation of 
somatodendritic 5-HT1A autoreceptors regulating 5-HT 
neuron firing has been demonstrated to shorten the 
ejaculatory latency time.*!?*'* However, as suggested by 
Rehman and coworkers, 5-HT1A receptors at different 
locations (brain, raphe nuclei, spinal cord, and autonomic 
ganglia) may modulate ejaculation in opposing ways." 
Stimulation of postsynaptic 5-HT2C receptors was 
responsible for inhibition of male rat ejaculatory behavior.?!® 
Selective serotonin reuptake inhibitors, which are 
prescribed for the treatment of depression, often delay 
ejaculation in humans and are currently used ‘off-label’ for 
treatment of premature ejaculation." Activation of the 
cholinergic muscarinic receptors in MPOA has been shown 
to reduce the ejaculatory threshold in copulating male 
rats.” Delivered either systemically or centrally, OT 
decreases ejaculation latency and postejaculatory interval 
(i.e. the refractory period) in copulating male rats.*!® 


Orgasm The orgasm is undoubtedly one of the most 
pleasurable sensations known to mankind and has been 
associated with reward in rats,’ although very little is 
known about the underlying physiologic mechanisms that 
control orgasmic responses. Orgasm is a cerebral process 
that usually follows a series of peripheral physical events 
comprising contraction of accessory sexual organs and the 
urethral bulb, and build-up and release of pressure in the 
distal urethra. 

It is noteworthy that orgasm is reported by patients who 
do no longer have ejaculation, for example after radical 
prostatectomy.**°**! Furthermore, orgasmic sensations 
generated cerebrally without input from genitals or with- 
out ejaculation have been reported in humans.*” These 
clinical data indicate that the emission of sperm as well as 
its expulsion are not mandatory for orgasm to occur and 
support a distinction between ejaculation and orgasm 
from a physiologic perspective. 


136 


Textbook of the Neurogenic Bladder 


Comparison of genital peripheral physiological changes, neuroanatomical pathways and neurotransmitters involved in 


the control of sexual responses in male and female 


Female 


Male 


Neuroanatomy 


Genital organs 


Peripheral innervation 
Afferent 


Efferent 


Vagina, clitoris, pelvic striated muscles 


Pelvic, hypogastric, pudendal (dorsal nerve 
of the clitoris), vagal 


Pelvic (parasympathetic), hypogastric 
(sympathetic), pudendal (somatic) 


Penis, organs of emission (epididymis, ductus 
deferens, seminal vesicles, prostate, and 
bulbourethral glands), organs of expulsion (bladder 
neck, urethra, pelvic striated muscles) 


Pelvic, hypogastric, pudendal (dorsal nerve of the 
penis) 


Pelvic (parasympathetic), hypogastric 
(sympathetic), pudendal (somatic) 


Peripheral physiologic changes 


Genital arousal 


Orgasm 


Increased blood flow to vagina and clitoris 
Clitoral erection 


Vaginal lubrication 


Rhythmic contractions of vagina, uterus and 
anal sphincter 


Erection: 
Increased blood flow to the penis 
Decreased outflow from the penis 


Erectile tissue relaxation 


Ejaculation: 


Emission: contraction of ductus deferens, seminal 
vesicles, prostate, urethra 


Expulsion: rhythmic contractions of perineal 
muscles and smooth muscles of the urethra 


Spinal and supraspinal centers involved in sexual responses 


(identified by PRV injection in genital organs or Fos activation after copulation) 


Spinal 


Brain 


L5-S1: medial and lateral dorsal horn, SPN, 
DGC, Onuf’s nucleus 


MPOA, VMN, PVN, LH, arcuate nucleus, 
MeA, Nac, VTA, BNST, lateral septum, PAG, 
nPGi, Barrington’s nucleus, raphe magnus, 
raphe pallidus, A5 region 


T12-L1: IML, DGC 

L3-L4: LSt cells 

L5-S1: dorsal horn, SPN, Onuf’s nucleus 
MPOA, VMN, PVN, LH, MeA, Nac, VTA, BNST, 


lateral septum, PAG, nPGi, SPFp, Barrington’s 
nucleus, raphe magnus, raphe pallidus, A5 region 


Neurochemical control of sexual responses 


Sexual desire (central drive) 


Genital arousal 


DA 

5-HT 

OT 

Melanocortin 
Estradiol, progesterone 
DA (central) 

5-HT (central) 

OT (central) 

Opioids (central) 

NO (central and peripheral) 
Melanocortin (central) 


Estrogens 


DA 
5-HT 
Androgens 


DA (central) 

5-HT (central) 

NA (central and peripheral) 

OT (central) 

Opioids (central) 

NO (central and peripheral) 
Melanocortin (central) 

Androgens (central and peripheral) 
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(Continued) 


Female Male 
Ejaculation/orgasm DA (central) DA (central) 
5-HT (central) 5-HT (central) 
OT (central) NA (peripheral) 
Opioids (central) OT (central) 


CONCLUSION 


Although individuals may differ in their experience of plea- 
sure and subjective feeling during sexual intercourse, a com- 
mon human sexual response, consisting of four interactive 
phases (excitement, arousal, orgasm, resolution), has been 
defined and refers to both men and women. Indeed, in both 
sexes, sexual behavior occurs as a sequence of behavioral 
events including appetitive and consummatory components 
which are, according to the incentive sequence model,*”* the 
same for both sexes. Interestingly, the physiologic correlates 
and the neural mechanisms controling these sexual 
responses also share numerous commonalities between 
males and females (reviewed by McKenna*) (Table 8.1): 


1. Male and female genitalia are anatomically very different, 
but the clitoris can be viewed as somewhat analogous to 
the penis, with comparable neuroanatomic organization 
and similar vasocongestion during sexual arousal 

2. Peripheral innervation of the genital organs is compa- 
rable between male and female, with sensory afferents 
conveyed by the pudendal, pelvic, and hypogastric 
nerves, and efferent outflows arising from multiple 
segments of the spinal cord. 

3. The multisynaptic circuitry controling sexual responses 
is remarkably similar between males and females, with 
the likely exception of the vagus nerve for females. 
Neuronal activation induced by copulation or PRV 
injection in the vagina and clitoris or in the penis 
results in a very comparable labeling in the lumbosacral 
segments of the spinal cord and neurons within the 
hypothalamus, midbrain, and brainstem. 

4. In both genders, genital sexual arousal and orgasm are 
controlled by a coordinated regulation between the 
sympathetic, parasympathetic, and somatic systems, 
and are mainly the product of spinal reflexes. Studies in 
spinal cord injured patients or animals with spinal cord 
transection have shown that, with adequate genital 
stimulation, the spinal cord can generate sexual 
responses. 

5. In both sexes, spinal centers involved in the control of 
sexual responses are under excitatory and inhibitory 
inputs from the brain. 


Androgens (central and peripheral) 


6. The MPOA and PVN play a critical role in the control 
of sexual responses and regulate both male and female 
sexual desire and genital arousal. These structures have 
numerous interconnections with the PAG and MeA, 
which probably participate in sexual function. In 
females, the VMN is clearly involved in the control of 
consummatory sexual behaviors, while its role in males 
remains to be investigated. 

7. In males, descending serotonergic pathways from the 
brainstem, especially from the nPGi, exert an 
inhibitory control on spinal sexual reflexes. It seems 
probable that the same mechanism also occurs in 
females, although it has not been clearly evidenced. 

8. Among the diversity of neurotransmitters and neu- 
ropeptides which can affect sexual responses, DA, 5- 
HT, and OT are believed to play a major role in both 
male and female sexual function. 


This chapter reviewed numerous similarities in the mech- 
anisms controling normal sexual function in males and 
females, and in particular a similar neural and neuro- 
chemical organization. However, there is a significant dif- 
ference between the genders arising from the mechanisms 
of the central drive. In men, physiologic performance, 
such as obtaining and maintaining a good erection, is suf- 
ficient for them to consider themselves a good sexual part- 
ner and to enjoy sexual intercourse. In contrast, in women, 
the feeling of subjective arousal results more from central 
mechanisms, cognitive processes, and psychologic changes 
than from peripheral vasocongestive feedback.” Further 
investigations and major advances are needed in order to 
help patients from both genders complaining about sexual 
dysfunction. 
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Epidemiology of the neurogenic bladder 


Patrick B Leu and Ananias C Diokno 


Introduction 


The neurogenic bladder is an entity with many different 
characteristics. It is not a disease in and of itself, but rather 
the manifestation of multiple different neurologic 
processes capable of exerting effects on the bladder by way 
of its innervation. The outward expression of these effects 
by the bladder is as varied as the conditions that cause 
them, ranging from essentially no bladder function at all to 
extreme overactivity. The long-term consequences cover a 
spectrum just as broad, ranging from little to no conse- 
quence to the patient to severe debility and even death. 

This chapter aims to outline for the reader the many 
neurologic processes which can affect the bladder. While a 
brief description of some diseases will be given, the main 
focus is the prevalence and type of neurogenic bladder 
involvement in many of these conditions. Prevalence of 
neurogenic bladder is the frequency with which bladder 
dysfunction is observed among the population of neuro- 
logically impaired patients at a given time period. 
Organization of this chapter is based on location of neuro- 
logic injury: above the brainstem, the spinal cord, and the 
peripheral nervous system. 


Cerebrovascular accident 


Cerebrovascular accident (CVA) or ‘stroke’ is a major cause 
of morbidity and mortality, especially among the elderly. It 
is defined as the acute onset of a focal neurologic deficit. 
Causes include cerebral embolus, atherosclerotic throm- 
bus, and hemorrhage. The prevalence is approximately 
60/1000 patients older than 65 years and 95/1000 in those 
older than 75 years.! More than 500000 cerebrovascular 
accidents occur annually in the United States. One-third 
are fatal, one-third necessitate long-term nursing care, and 
another third allow patients to return to home with normal 
or near-normal ability to function. Risk factors include 
hypertension, diabetes mellitus, smoking, high serum 
cholesterol, alcohol consumption, obesity, stress, and a 
sedentary lifestyle.” 


Cerebrovascular accidents can have profound effects on 
the genitourinary system. Voiding dysfunction can range 
from urinary retention to total incontinence. Evaluation 
and management can be complicated due to associated 
comorbidities, which may also contribute to voiding 
dysfunction in this patient population. 

Many studies have demonstrated urologic findings as 
predictors of prognosis in stroke patients. In an analysis of 
532 stroke patients, Wade and Hewer noted that of those 
with urinary incontinence within the first week after the 
event, half died within 6 months.’ They also noted an asso- 
ciation between early incontinence and decreased chance 
of regaining mobility. Taub et al evaluated 639 CVA 
patients and found that initial incontinence was the best 
single indicator of future disability.“ 

Acute urinary retention, commonly known as cerebral 
shock, is often seen immediately after stroke. The neuro- 
physiologic mechanism of this is unknown and it may 
not necessarily be the result of the stroke. It may be the 
consequence of inability to communicate the need to 
void, impaired consciousness, temporary overdistention, 
restricted mobility, associated comorbidities (i.e. diabetes, 
benign prostatic hyperplasia (BPH)) or medications. 
Urodynamic studies soon after unilateral CVA have 
demonstrated a 21% prevalence of overflow incontinence 
due to detrusor hyporeflexia; however, several of these 
patients were either diabetic or receiving anticholinergics.° 

Urinary incontinence is common after stroke. It may be 
due to detrusor hyperreflexia secondary to loss of cortical 
inhibition, cognitive impairment with normal bladder 
function, or overflow incontinence secondary to detrusor 
hyporeflexia secondary to neuropathy or medication. 
Underlying dementia, BPH, or stress urinary incontinence 
may also contribute.’ 

Incontinence after stroke is frequently transitory. While 
the incidence of early post-stroke urinary incontinence is 
57-83%, many of these patients have been found to recover 
continence with time, with as many as 80% being 
continent at 6 months post-CVA.° 

Irritative voiding symptoms of frequency, urgency, and 
incontinence are most commonly seen after resolution of 
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the cerebral shock. These are manifestations of detrusor 
hyperreflexia. In a review of recent literature, Marinkovic 
and Badlani found that 69% of patients had detrusor 
hyperreflexia, 10% had detrusor hypocontractility, 31% 
had uninhibited external sphincter relaxation, and 22% 
had detrusor-sphincter dyssynergia (DSD). Furthermore, 
they note that attempts at correlating either the site or 
mechanism (ischemic vs hemorrhagic) of injury with 
urodynamic findings have been inconclusive.’ 


Cerebellar ataxia 


Ataxia refers to a heterogeneous spectrum of abnormal 
motor phenomena associated with cerebellar deficiency. 
Histologically, Purkinje’s cells are abnormal and decreased in 
number. The location of nervous system involvement may 
extend from the cerebellum to the brainstem, spinal cord, and 
dorsal nerve roots. The disease is classified based on etiologies. 
Acute ataxia is secondary to various intoxicants, cerebellar 
tumors, viral infections, hyperpyrexia, demyelinating diseases, 
and vascular accidents. Subacute ataxia may be secondary 
to alcohol abuse, paraneoplastic syndromes, or cerebellar 
tumors. Chronic childhood ataxias may include Friedreich’s 
ataxia, ataxia telangiectasia, and ataxias associated with inher- 
ited metabolic derangements. Adult forms include olivopon- 
tocerebellar atrophy and cortical cerebellar degeneration. 

On examination, these patients manifest initially with 
poor leg coordination, with subsequent involvement of the 
upper extremities. Decreased deep tendon reflexes with 
decreased vibratory sensation and proprioception can be 
seen. Dysmetria of the arms, dysarthria, choreiform move- 
ments, and horizontal nystagmus may also be present. 

Urodynamic evaluation by Leach et al of 15 ataxic 
patients, ranging in age from 8 to 58 years, found that 8 
(53%) had hyperreflexia with bladder-sphincteric coordina- 
tion, 1 (7%) had hyperreflexia without bladder-sphincteric 
coordination, 2 (13%) had normal bladder contraction 
without sphincteric coordination, and 4 (27%) had 
acontractile bladders.’ 


Tumors of the cerebrum 


Incontinence of urine can occur in frontal tumors as part of 
a frontal lobe syndrome of indifference, disinhibition, and 
self-neglect. However, it can also present with urinary fre- 
quency, urgency, and incontinence without signs of cogni- 
tive or intellectual impairment. This was first described by 
Andrew and Nathan in 1964, who reported this with a vari- 
ety of frontal lobe lesions and concluded what is known to 
be true today: there exists a micturition control center in 
the superomedial part of the frontal lobes.* Ten years later, 
7 further cases were reported by Maurice-Williams in a 


series of 50 consecutive frontal lobe tumors (14%) over a 
29-month time span. After evaluation of 100 consecutive 
intracranial tumors he observed that this constellation of 
symptoms was seen only with frontal tumors.’ 

Blaivas reported results of urodynamic studies on 550 
patients. Twenty-seven (4.9%) of them had pathologic 
cystometric findings attributable solely to a focal suprapon- 
tine lesion. Thirteen of these patients had brain tumors and 
14 of them had strokes. Incontinence was their only clinical 
manifestation, although not all of them were able to void.!° 

Lang et al reported on two cases of urinary retention and 
space-occupying lesions of the frontal cortex in 1996. The 
first case involved an 87-year-old woman who regained her 
ability to void with minimal post-void residual after evac- 
uation of a subdural hematoma. The second patient was a 
63-year-old woman who presented with increasing diffi- 
culty voiding over 2!/2 years. She was found to have detru- 
sor hypocontractility and mild bilateral hyperreflexia. She 
refused surgery for a large left frontal meningioma. During 
the 4-year follow-up she eventually required suprapubic 
catheterization before dying of increasing intracranial 
pressure from the expanding tumor.'! 


Normal pressure 
hydrocephalus 


Normal pressure hydrocephalus (NPH) is a syndrome of 
progressing dementia and gait disturbance in patients with 
normal spinal fluid pressure yet distended cerebral ventri- 
cles. This was first described in 1965. While some patients 
can have an identifiable mechanical reason for dilation of 
cerebral ventricles (obstructing tumor, subarachnoid 
hemorrhage), the cause of this disease is not identifiable in 
many patients. Some have suggested failure of cere- 
brospinal fluid (CSF) to flow into the parasagittal 
subarachnoid space (where most fluid resorption occurs) 
as the most likely mechanism. 

In 1975, Jonas and Brown evaluated 5 NPH patients 
with urinary incontinence by performing cystometry. 
These patients had urinary frequency, urgency, and urge 
incontinence. Four of the patients exhibited pressure spikes 
from involuntary bladder contractions. The other patient 
exhibited low-volume involuntary voiding at 200 ml of 
fluid. These findings are consistent with the so-called 
‘uninhibited neurogenic bladder, as described by Lapides. 
This is secondary to loss of cortical inhibition of primitive 
bladder reflex contractions.’ 


Cerebral palsy 


Cerebral palsy (CP) is a nonprogressive disorder of the 
brain, resulting in a variety of motor abnormalities often 
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accompanied by intellectual impairment, convulsive dis- 
orders, or other cerebral dysfunction. Strict definitions 
exclude spinal cord involvement. Approximately one-third 
of children with CP have lower urinary tract symptoms. 

McNeal et al published urodynamic results on 50 
patients between the ages of 8 and 29 years. They found 
enuresis in 28%, stress incontinence in 26%, urgency in 
18%, and dribbling in 6%. Overall, 36% had some form of 
voiding dysfunction and some had multiple symptoms.” 

Decter et al evaluated 57 children with cerebral palsy 
and lower urinary tract symptoms. Incontinence occurred 
in 49/57 (86%) patients. Eleven of the children had wetting 
limited to day or night, while the remaining 38 experienced 
wetting during both the day and night. Of the 8 who were 
totally continent, 3 suffered from severe urgency and 
frequency, 2 presented with urinary tract infections, 2 
complained of difficulty initiating urination, and 1 was in 
urinary retention. 

Although general neurologic examination revealed only 
minor findings in some patients, urodynamic studies identi- 
fied definite abnormalities in a majority of patients. On uro- 
dynamic evaluation, 70% of the incontinent patients had 
uninhibited contractions that could not be suppressed, 6% 
had overflow incontinence with incomplete emptying sec- 
ondary to detrusor-sphincter dyssynergia (DSD), 4% had 
hypertonia causing intermittent leaking, and 2% had peri- 
odic relaxation of the external sphincter during filling. 
Overall, 49 of the 57 (86%) patients (continent and inconti- 
nent) were found to have purely upper motor neuron lesions. 

Urinary tract infection was seen in 11% of the patients. 
Four of the 6 had bladder outlet obstruction secondary to 
DSD and 1 had elevated residual volumes owing to poor 
detrusor contraction. Radiologic abnormalities were seen 
in all 6 children.'4 


Mental retardation 


Mental retardation may result from a heterogeneous group 
of disorders and is seldom the result of deficient intelli- 
gence alone.” Etiologies include infection, toxin exposure 
(maternal overdose), perinatal injury, metabolic distur- 
bances (hypercalcemia, hypoglycemia, phenylketonuria), 
malformations (hydrocephaly, microcephaly, and others), 
genetic disorders (Down’s syndrome), and cerebral palsy.'° 

In 1981 Mitchell and Woodthorpe published data on 
prevalence and disability of mentally handicapped people 
born between 1958 and 1963 in three London boroughs. 
They reported that nocturnal enuresis occurred in over a 
quarter of patients and 12% experienced both day and 
nighttime incontinence.'® Another British study by Reid et 
al evaluated behavioral syndromes in a sample of 100 
severely (49) and profoundly (51) retarded adults. Sixtyfive 
percent of patients in this study of hospitalized patients 
were incontinent.!” 


Hellstrom et al studied 21 mentally retarded patients (16 
men, 5 women; average age 36 years) referred for long- 
standing urinary problems. The most common urinary 
symptoms were incontinence, nocturnal enuresis, and uri- 
nary retention/poor bladder emptying. The most common 
urodynamic findings were detrusor areflexia (7) and detru- 
sor hyperreflexia (5). Four patients had normal urody- 
namic studies. High micturition pressure was found in 3 
patients and large bladder capacity in 1 patient. Poor flow 
with high residual volume was seen in 2 patients. Some 
patients had more than one finding." 


Parkinson’s disease 


Parkinson’s disease is a leading cause of neurologic disabil- 
ity among the elderly population. The estimated preva- 
lence of the disease in the United States is 100 to 150 per 
100,000 population and the incidence per annum is 20 per 
100,000. Pathogenesis of the disease involves degeneration 
of the pigmented dopamine-rich substantia nigra of the 
brain. The resultant dopamine deficiency results in imbal- 
ance between dopamine and acetylcholine concentrations. 
This manifests clinically as tremor, rigidity and bradykine- 
sia.'* Urinary symptoms associated with onset of tremor in 
some Parkinsonian patients were described as early as 1936 
and later studies in the 1960s and 1970s demonstrated a 
37-71% incidence of bladder dysfunction with Parkinson’s 
disease.!°! It is felt that the effect of the normal basal gan- 
glia on micturition is inhibitory in nature. 

Pavlakis et al in 1983 reported urodynamic findings on 
30 patients (22 men and 8 women) with Parkinson’s 
disease and voiding dysfunction. Fifty-seven percent com- 
plained of irritative symptoms, 23% obstructive symptoms 
and 20% had a combination of the two. 

Ninety-three percent of the 30 CO2 cystometrographs 
(CMGs) performed demonstrated detrusor hyperreflexia 
and 7% (women only) detrusor areflexia. No patient had a 
normal CMG. Of patients with detrusor hyperreflexia, 
75% demonstrated appropriate sphincter relaxation, 7% 
showed pseudo-dyssynergia (voluntary contraction of the 
perineal floor at the time of detrusor contraction in an 
attempt to prevent leakage), 11% demonstrated sphincter 
bradykinesia (involuntary electromyographic (EMG) 
activity persisting through at least the initial part of the 
expulsive phase of the CMG), and 7% showed neuropathic 
sphincter potentials. In the two women with detrusor are- 
flexia there was no evidence of detrusor denervation based 
on supersensitivity testing, nor was there any evidence of 
sphincter denervation based on EMG studies. These two 
patients were on anticholinergics, and this may have been 
the etiology of their areflexia. 

Maximum flow rate was decreased in 10 of the 17 men who 
underwent uroflow analysis. All 10 had prostatic enlargement 
and 8 presented with obstructive symptoms. Eight of the 10 
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demonstrated detrusor hyperreflexia with normal sphincter 
relaxation and the other 2 had pseudo-dyssynergia.'® 

A more recent study from Araki et al reported urody- 
namic findings on 70 patients (30 men and 40 women) 
with Parkinson’s disease. No male with evidence of prosta- 
tic enlargement based on transrectal ultrasound and retro- 
grade urethrocystography was included. 

Detrusor hyperreflexia was present in 67% of patients 
and hyporeflexia or areflexia was seen in 16%. Other find- 
ings were hyperreflexia with impaired contractile function 
in 9%, hyperreflexia with detrusor-sphincter dyssynergia 
in 3%, and normal detrusor function in 6%. 
Detrusorsphincter dyssynergia and detrusor hyperreflexia 
with impaired contractile function were observed only at 
advanced stages, whereas bladder function was normal 
only at mild or moderate stages. Abnormal urodynamic 
findings increased with disease severity.” 


Shy—Drager syndrome 


Shy—Drager syndrome is a rare syndrome which manifests 
as orthostatic hypotension, urinary incontinence and reten- 
tion, and associated neurologic dysfunction. It was first 
described in 1960. The complete syndrome may also 
include rectal incontinence, anhydrosis, iris atrophy, exter- 
nal ocular palsies, rigidity, tremor, impotence, fascicula- 
tions, myasthenia, and anterior horn cell neuropathy. 
Although the disease mostly affects men, it can also affect 
women; it is a slowly progressive disease. Urinary symptoms 
occur early and orthostatic hypotension appears later.” 

Salinas et al studied 9 patients (7 men and 2 women, 
mean age 71 years) referred for urologic evaluation. 
Thirtythree percent of patients had difficulty or inability to 
void, 44% had stress urinary incontinence, 33% had uri- 
nary frequency, and 33% had urge incontinence. Two-thirds 
of patients had lax anal tone and 45% had absent voluntary 
anal control. Electromyography of the periurethral striated 
muscle revealed normal response to cough/Valsalva in 56% 
and weak or absent activity in the remaining patients. 
Voluntary sphincter control, likewise, was present in 56% 
and weak or absent in 44%. Two of the three patients who 
were able to void had synchronous cessation of EMG activ- 
ity and the other patient exhibited sporadic sphincteric 
activity. On CMG, 67% failed to demonstrate reflex or vol- 
untary detrusor contractions. Poor bladder compliance was 
seen in 4 out of the 9 patients. Involuntary contractions 
were seen in one-third of patients.”4 


Multiple sclerosis 


Multiple sclerosis (MS) is a disabling neurologic disease 
caused by a demyelinating process affecting the central 


nervous system. It is characterized by exacerbations and 
remissions, with associated changes in signs and symp- 
toms. It is the most common neurologic disorder in the 
20—45-year-old age group and affects women and men in a 
2:1 ratio. It affects 1 of 1000 Americans.” Eighty to 90% of 
patients with MS will have urologic manifestations, and as 
many as 10% will present with urologic dysfunction. 
Patients may exhibit symptoms of urgency, urge inconti- 
nence, frequency and urinary retention. These are sec- 
ondary to detrusor hyperreflexia, detrusor-sphincter 
dyssynergia, and hypocontractility.”° Litwiller et al per- 
formed a review of the literature on multiple sclerosis and 
the involvement of the genitourinary system. In evaluating 
22 studies involving 1882 patients, they found urodynamic 
evidence of detrusor hyperreflexia in 62% of patients, 
detrusor-sphincter dyssynergia in 25%, and detrusor 
hypocontractility in 20% of patients. Less than 1% of 
patients had renal deterioration.” 

The manifestations of the disease can also change during 
its course. Ciancio et al published data on urodynamic pat- 
tern changes in multiple sclerosis. They evaluated 22 
patients with MS who underwent at least 2 urodynamic 
evaluations with a mean follow-up interval of 42 45 
months between the studies. Overall, 55% of the patients 
demonstrated a change in their urodynamic patterns 
and/or compliance. Sixty-four percent of patients had the 
same or worsening of the same symptoms and 36% had 
new urologic symptoms. Forty-three percent of patients 
with no new symptoms and 75% of patients with new 
symptoms had significant changes found with followup 
urodynamic testing.” 


Myelodysplasia 


Myelodysplasia, also known as spina bifida, is a condition 
of malformation of the caudal end of the neural tube and 
vertebral arches. It is the most common cause of neuro- 
pathic bladder in children. Spina bifida cystica refers to 
protrusion of a sac through the vertebral arch defect. This 
sac may contain parts of nervous tissue, meninges, spinal 
fluid, and fat. If this sac contains only meninges, the condi- 
tion is referred to as a meningocele. If there is some ele- 
ment of spinal cord present with the meninges, it is 
referred to as a myelomeningocele. This is the case in 90% 
of patients with spina bifida cystica. A lipomyelomeningo- 
cele occurs if a fatty growth of tissue is protruding into the 
sac with spinal cord elements. Myeloschisis occurs when 
the spinal cord is completely open without any meningeal 
covering. 

Myelodysplasia occurs in approximately 1 in 1000 births 
in the United States. It can involve all levels of the spinal col- 
umn, including the lumbar 26%, lumbosacral 47%, sacral 
20%, thoracic 5%, and cervical spine 2%. Eighty-five percent 
of children have an associated Arnold—Chiari malformation. 
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The neurologic lesion produced can be quite variable and 
depends on which neural elements have everted with the 
meningocele sac. The level of the bony defect gives little clue 
to the clinical manifestation of the patient. The height of 
the bony level and the highest extent of the neurologic 
lesion may vary from 1 to 3 vertebral levels in either direc- 
tion. Furthermore, the differential growth rates between the 
veterbral bodies and the elongating spinal cord add a factor 
of dynamism in the developing child. Because of fibrosis 
surrounding the spinal cord at the site of meningocele clo- 
sure, the cord can become tethered during growth, leading 
to changes in bowel, bladder, and lower extremity function. 
Urodynamic evaluation of these patients is therefore a crit- 
ical component of their management.” 

Urodynamic studies in the newborn period have shown 
that 57% of myelodysplastic infants have bladder contrac- 
tions. In children with upper lumbar or thoracic lesions 
where the sacral cord is spared, 50% have bladder contrac- 
tions.” EMG studies of the external sphincter demonstrate 
48% of newborns with intact sacral reflex arcs and no lower 
motor neuron denervation, 23% with partial denervation, 
and 29% with complete loss of sacral cord function.*! 

In 1981, McGuire et al demonstrated the relation 
between intravesical pressure at the time of urethral leak- 
age and presence/development of upper tract changes in 
myelodysplastic patients. No patient with an intravesical 
pressure less than 40 cmH20O at the time of urethral leak- 
age developed vesicoureteral reflux and only 10% demon- 
strated ureteral dilatation on excretory urography. 
Sixty-eight percent of patients with higher leak point pres- 
sures developed vesicoureteral reflux and 81% showed 
ureteral dilatation on excretory urography.** 

A major problem and risk factor for developing upper 
urinary tract deterioration is the presence of dyssynergia 
between the external sphincter and the bladder. 
Urodynamic evaluation of 36 infants with myelodysplasia 
demonstrated 50% with dyssynergia, 25% with synergy, 
and 25% with no sphincter activity. Seventy-two percent of 
the group with dyssynergia were found to exhibit 
hydroureteronephrosis by 2 years of age. This was present in 
only 22% of those with synergy and 11% with absent activ- 
ity. Of those patients with synergy who went on to develop 
upper tract deterioration, it occurred only after develop- 
ment of incoordination between the detrusor and external 
sphincter. The one patient with absent sphincter activity 
who developed upper tract changes had an elevated fixed 
urethral resistance at 1 year of age. This is felt to be sec- 
ondary to fibrosis of the striated external urethral sphincter. 
Treatment by catheterization or cutaneous vesicostomy 
improved drainage of the urinary tract in each patient.” 

The tethered cord syndrome, resulting from fibrosis 
around the cord and differential growth rates of vertebral 
bodies and the spinal cord, can be seen in children and 
adults after neurosurgical closure of the primary defect. 
Symptoms of bladder dysfunction may be seen in 56% of 


patients at presentation.** Adamson et al reported on 5 
adults with tethered cord syndrome revealing a full spec- 
trum of bladder dysfunction ranging from retention in 2 of 
the 5 and frequency and or urgency/incontinence in 3 of 
the 5 patients.” Flanigan et al reported urodynamic results 
of 24 children prior to operative cord release. Seventyone 
percent had areflexia and 29% had hyperreflexic blad- 
ders.’ Pang and Wilberger reported preoperative urody- 
namic study results on 8 patients. Five demonstrated small 
capacity, spastic unstable bladders while 3 had hypotonic 
bladders.*4 


Sacral agenesis 


Sacral agenesis is defined as the absence of all or part of 
two or more vertebral bodies at the lower end of the spinal 
column. Defective development of the second to fourth 
sacral nerves accompanying the bony abnormalities leads 
to variable patterns of neuropathic bladder. The incidence 
of sacral agenesis is about 0.09-0.43% of births. It is seen 
more frequently in children of diabetic mothers. It is also 
seen in 12% of children with high imperforate anus. 
Approximately 20% of children with sacral agenesis are not 
identified until they are 3—4 years old and present with dif- 
ficulty in toilet training.” 

The urodynamic pattern in children with sacral agenesis 
is varied. Guzman et al reported upper motor lesions at a 
rate of 35%, including detrusor hyperreflexia, detrusor- 
sphincter dyssynergia, exaggerated sacral reflexes, and no 
voluntary control over sphincter function. Forty percent 
demonstrated lower motor lesions, including detrusor are- 
flexia and absent sacral reflexes. The remaining 25% were 
unaffected.*” 

Another study by Koff and Deridder evaluated 13 
patients with sacral agenesis. Urodynamic studies revealed a 
31% rate of lower motor lesions (flaccid bladder), 23% had 
an upper motor lesion, and 31% had a mixed pattern.** 


Spinal cord injury 


Spinal cord injury (SCI) affects over 200,000 persons in the 
United States, with an estimated 8000-10,000 new cases 
occurring annually.” Bladder dysfunction after SCI can be 
classified as either lower motor neuron (LMN) dysfunction 
or upper motor neuron (UMN) dysfunction.*° 

In patients with hyperreflexia following spinal cord 
injury, it is imperative to know whether the external 
sphincter is coordinated (synergic) with the detrusor con- 
traction or if the sphincter is uncoordinated (dyssynergic) 
with the involuntary detrusor contraction. Diokno et al 
reported a 66% rate of dyssynergia among 47 patients with 
a reflex neurogenic bladder.“ 
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Kaplan et al reported videourodynamic results obtained 
from 489 patients with spinal cord lesions secondary to a 
variety of causes: trauma (284), myelomeningocele (75), 
spinal stenosis (54), tumors (39), sacral agenesis (5), and 
other conditions (34). Their analysis found that while 
there was a general correlation between the neurologic 
level of injury and the expected vesicourethral function, it 
was neither absolute nor specific. For example, some 
patients with cervical cord lesions exhibited detrusor are- 
flexia and some with sacral cord lesions exhibited detrusor 
hyperreflexia or DSD.” 

In 2000, Weld and Dmochowski reported urodynamic 
findings of 243 SCI patients. All but 3 patients were male. 
Of 196 patients with suprasacral injuries, 95% demon- 
strated hyperreflexia and/or DSD. Forty-two percent had 
low bladder compliance and 40% had high detrusor leak 
point pressures. Of 14 patients with sacral injuries, 86% 
manifested areflexia, 79% had low compliance, and 86% 
had high leak point pressures. Of 33 patients with com- 
bined suprasacral and sacral injuries, 68% demonstrated 
hyperreflexia and/or DSD, 27% exhibited areflexia, 58% 
had low compliance, and 61% had high leak point pres- 
sures. Hyperreflexia was seen in 42%, 54%, 32%, 14%, and 
33% of cervical, thoracic, lumbar, sacral, and multilevel 
cord injuries, respectively. Detrusor-sphincter dyssynergia 
was seen in 68%, 50%, 39% 14%, and 45% of these same 
lesions. Areflexia was seen in 0%, 0%, 21%, 86%, and 27%, 
respectively. Normal urodynamic findings were found in 
1%, 4%, 4%, 0%, and 3% of injuries at the aforementioned 
levels. These findings further reinforce that while general 
correlations between level of injury and the clinical mani- 
festation exist, they are not exact or exclusive.“ 

The central cord syndrome is caused by incomplete 
cervical spinal cord injury and is characterized by incom- 
plete quadriplegia with disproportionately worse impair- 
ment of the upper than the lower extremities. Central 
cord syndrome may involve 9-16% of all spinal cord 
injuries and is more predominant in the elderly. Smith et 
al reported videourodynamic testing results from 22 men 
with central cord syndrome. Studies were done an average 
of 34.5 months after injury and after spinal shock had 
resolved. Results demonstrated normal evaluations in 
14%, detrusor areflexia in 18%, detrusor hyperreflexia 
with synergy in 5%, DSD in 50%, and detrusor hypocon- 
tractility in 5%.4 

Nath et al reported different findings based on urody- 
namic studies of 20 men with central cord syndrome and 
voiding difficulties. Carbon dioxide cystometrography 
with EMG revealed detrusor hyperreflexia without dyssyn- 
ergia in 15 (75%) patients and DSD in 5 patients (25%). 
The differences in these studies may be based on method- 
ology (videourodynamics vs CO2) or timing of the study 
with respect to injury. Regardless, urodynamic evaluation 
is important in evaluating and forming appropriate treat- 
ment strategies for these patients. 


The status of innervation and function of the external 
sphincter or periurethral striated muscle is as important as 
the type of detrusor innervation and function following a 
spinal cord injury, or for that matter any neurologic condi- 
tion affecting the lower urinary tract. A paralytic external 
sphincter due to total or partial injury to the anterior 
motor neuron will certainly cause reduction to the urethral 
resistance at the sphincteric level, predisposing the individ- 
ual to stress incontinence. In patients with areflexic blad- 
der, Diokno et al reported 60% of patients with complete 
denervation of the external sphincter and the rest had par- 
tial denervation."! 


Diabetes 


Diabetes is the most common metabolic disease and affects 
over 5 million people in the United States. Neuropathy is 
the most frequent of the many complications associated 
with the disease. The cause is thought to be due to a com- 
bination of ischemic nerve injury secondary to vasculopa- 
thy associated with the disease, as well as nerve injury 
secondary to deranged metabolic function. Neuropathy 
can occur in either insulin-dependent or non-insulin- 
dependent diabetes. Tests of autonomic function have 
shown impairment in roughly 20-40% of diabetic 
patients.*° 

Diabetic cystopathy is the constellation of clinical and 
urodynamic findings associated with long-term diabetes 
mellitus. Classically, it has been described as decreased blad- 
der sensation, increased bladder capacity, and impaired 
detrusor contractility. It is frequently insidious in onset and 
progression and many patients may have minimal symp- 
toms. Impaired bladder sensation is the most common ini- 
tial presentation. Patients may void only once or twice a day. 
Eventually, they may have difficulty initiating and main- 
taining voiding. Urodynamic testing of unselected diabetics 
reveals diabetic cystopathy in 26-87% of patients. The find- 
ing of cystopathy correlates directly with the duration of 
symptoms, which generally occur about 10 years after the 
onset of diabetes. It frequently coexists with signs of periph- 
eral neuropathy. Many diabetics have coexisting other uro- 
logic problems such as benign prostatic hyperplasia, stress 
incontinence, bladder or prostate cancer or infection, caus- 
ing voiding symptoms which may be similar to or different 
from the classically described diabetic bladder.“ 

Kaplan et al reported urodynamic findings of 115 male 
and 67 female consecutive diabetic patients referred for eval- 
uation of voiding symptoms. Mean duration of diabetes was 
58 months, and mean duration of voiding symptoms was 27 
months. The most common symptoms were nocturia greater 
than 2 times in 87%, urinary frequency in 78%, urinary hes- 
itancy in 62%, decreased force of stream in 52%, and sensa- 
tion of incomplete emptying in 45%. No differences between 
men or women in the above symptoms were noted. 
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First sensation of filling was 298 ml. Mean bladder 
capacity was 485 ml. Fifty-two percent had detrusor insta- 
bility, 23% had impaired detrusor contractility, 11% had 
indeterminate findings, 10% had detrusor areflexia, 24% 
had poor compliance, and 1% was normal. Of the 47 
patients with peripheral neuropathy, 70% had detrusor 
instability, 57% had bladder outlet obstruction, 13% had 
indeterminate findings, 30% had detrusor areflexia, and 
66% had evidence of sacral cord signs. 

Bladder outlet obstruction was present in 36% of men. It 
was an isolated finding in 36% of them and associated with 
another urodynamic finding in 67%. Nine percent of 
patients (13) had urinary retention, which in men was sec- 
ondary to bladder outlet obstruction in 7 and detrusor are- 
flexia in 5. All 4 women with retention had areflexia. 
Patients with sacral cord signs were more likely to exhibit 
intermittent detrusor contractions/impaired contractility 
and detrusor areflexia, while those without sacral cord signs 
were more likely to demonstrate detrusor instability.’ 

Kitami performed urodynamic studies on 173 diabetics. 
Patients in this study did have classic findings of increased 
volume at first desire and decreased maximum vesical 
pressure (67%), but they also demonstrated overactive 
bladder (14.5%), low-compliance bladder (11%), and 
detrusorexternal sphincter dyssynergia (32%).” 

Frimodt-Moller, who coined the term “diabetic cystopa- 
thy, reported on 124 patients with diabetes. Thirty-eight 
percent had what are now recognized as classic cystopathic 
findings and 26% had bladder outlet obstruction.” 


Disc disease 


Symptoms from lumbar disc protrusion are most often 
secondary to posterolateral protrusion, occurring fre- 
quently at the L4—L5 and L5-S1 levels. However, more cen- 
tral (posterior) protrusion may disturb nerves leading to 
the bladder, perineal floor, and cavernous tissue of the 
penis. The intrathecal sacral nerve roots have been affected 
in 1-15% of reported cases of lumbar disc prolapse verified 
at operation, and the most common associated disorder is 
urinary retention. Fanciullacci et al studied 22 patients 
with lumbar central disc protrusion and neuropathic blad- 
der. All patients except 2 women with urinary incontinence 
had urinary retention at presentation. Urodynamic studies 
performed at the onset of disease revealed areflexia with 
normal compliance in all patients. Bladder sensation was 
absent in 16 (73%) and reduced in 6 (27%). EMG showed 
signs of severe denervation. Postoperative urodynamic 
evaluation in 17 patients revealed 65% had persistent are- 
flexia, 29% had normoreflexia, 6% had areflexia, and all 
had normal compliance. Bladder sensation was absent in 
35%, reduced in 47%, and normal in 18%. EMG studies of 
the periurethral muscles showed good recovery of volun- 
tary contraction in 76% of patients.*! 


O'Flynn et al reviewed the records of 30 patients with 
lumbar disc prolapse and bladder dysfunction who under- 
went laminectomy and disc removal. Preoperatively, 87% 
of the patients developed urinary symptoms. Fifty-three 
percent required catheterization for urinary retention. 
Postoperative urodynamics revealed 37% of patients had 
areflexic bladders and voided by straining, 13% exhibited 
detrusor hyperreflexia with urinary incontinence, and 7% 
had low compliance with opening of the bladder neck dur- 
ing filling. Thirty-seven percent demonstrated genuine 
stress incontinence at bladder volumes greater than 300 ml. 
Only one patient regained normal detrusor activity post- 
operatively.” 

Bartolin et al prospectively analyzed 114 patients with 
lumbar intervertebral disc protrusion requiring surgical 
treatment. Patients with acute central disc protrusion 
(cauda equina syndrome) were not included. Urodynamic 
studies revealed detrusor areflexia in 27.2% of patients. 
They did not find a significant difference in the rate of are- 
flexia based on the level of disc herniation (L5 vs L4). All 
patients with detrusor areflexia reported difficult voiding 
with straining.” 

The same author evaluated bladder function after 
surgery. Ninety-eight patients underwent urodynamic eval- 
uation before and after surgery. Twenty-eight percent of 
patients exhibited detrusor areflexia preoperatively. Only 
22% of these patients had a return to normal function after 
surgery. Of the 71 patients with normal urodynamic find- 
ings preoperatively, 4 (6%) developed detrusor hyper- 
reflexia and 3 (4%) developed areflexia postoperatively.” 

The cauda equina syndrome is a relatively rare constel- 
lation of symptoms for herniated lumbar discs. It is char- 
acterized by bilateral sciatica, lower extremity weakness, 
saddle-type hypesthesia, and bowel and bladder dysfunc- 
tion. Cauda equina syndrome occurs in approximately 1- 
10% of cases of lumbar disc herniation. Early operative 
decompression is advocated, but may not always restore 
normal function. Chang et al evaluated the incidence and 
long-term outcome of patients with this condition. They 
identified 4 of 144 (2.8%) consecutive surgical cases of 
lumbar disc herniation with urinary retention. All patients 
regained voluntary voiding within 6 months, 1, 3, and 4 
years of surgery.” 


Infectious diseases 


Acquired immune deficiency 
syndrome 


Patients with acquired immune deficiency syndrome 
(AIDS) have not made up a large portion of most urolo- 
gists practices. However, due to the large number of 
people with this disease and increased survival with new 
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medications, urologists can expect to see more patients 
with AIDS. 

Neurologic involvement occurs in 30-40% of patients 
with AIDS, and involves the central and peripheral nervous 
systems.°°*8 Neurologic involvement may be the result of 
infection, immunologic injury to target organs, or neoplasia. 

Khan et al performed urodynamic studies on 11 of 677 
AIDS patients. Voiding dysfunction secondary to neuro- 
genic bladder was found in 9 of 11 (82%) patients. Urinary 
retention in 6 of the 11 (55%) patients was the most com- 
mon presenting symptom. Three patients (27%) presented 
with urinary incontinence, 1 (9%) with urinary frequency, 
1 (9%) with poor urinary flow. Urodynamic study demon- 
strated areflexia in 4 (36%) patients, hyperreflexia in 3 
(27%), hyporeflexia in 2 (18%), and urinary outflow 
obstruction without evidence of neurologic involvement in 
2 (18%). 

Electromyographic studies of the urinary sphincter were 
done in 8 of the patients. Only 2 of them had abnormali- 
ties: one with myelopathy exhibited poor recruitment of 
neuronal activity and the remaining patient with cauda 
equina syndrome had many fibrillatory potentials.* 

Menendez et al reported urodynamic evaluations of 3 
patients with AIDS and neurogenic bladder. Two of the 
patients had areflexic bladder secondary to ascending 
myelitis by herpes simplex virus type II in 1 patient, and 
cerebral abscess from toxoplasmosis in the other patient. A 
third patient with AIDS dementia complex exhibited a 
hyperreflexic detrusor. Voiding symptoms improved in all 
3 patients with institution of antiviral, antibiotic, and anti- 
cholinergic medications, respectively.” 


Guillain-Barré syndrome 


Guillain-Barré syndrome is an idiopathic polyradiculopa- 
thy frequently related to viral illnesses or vaccination. 
Lesions of the motor neuron in the spinal nerve are seen on 
pathological examination. Clinically, it is characterized by 
motor paralysis initially in the lower extremities and pro- 
gressing cephalad. 

Kogan et al first reported urodynamic findings in 2 
patients with Guillain-Barré syndrome in 1981. Both 
patients were found to have motor paralytic bladders on 
cystometrogram evaluation.°! 

Wheeler et al reported urodynamic findings on 7 
patients with Guillain-Barré syndrome. Impaired voiding 
with large residuals was present in all 7 patients. 
Urodynamic studies revealed 4 patients with detrusor are- 
flexia and nonrelaxation of the perineal muscles with a 
positive bethanechol supersensitivity test. Three of these 4 
patients had abnormal perineal EMG studies that demon- 
strated a decreased interference pattern with polyphasic 
potentials, which is characteristic of motor denervation. 
Three of the 7 patients had detrusor hyperreflexia with 


appropriate sphincter relaxation. Intravesical sensation, 
although decreased, was present in 6 patients and com- 
pletely absent in 1 patient.” 

Another study by Sakakibara et al described urologic 
findings in 28 patients with Guillain-Barré syndrome. 
Micturitional symptoms were seen in 25% of patients and 
included voiding difficulty in 6, transient urinary retention 
in 3, nocturnal urinary frequency in 3, urinary urgency in 
3, diurnal urinary frequency in 2, urge incontinence in 2, 
and stress incontinence in 1. Urodynamic evaluation in 4 
patients revealed disturbed sensation in 1 patient, bladder 
areflexia in 1, and absence of bulbocavernosus reflex in 
another. Cystometry showed decreased bladder volume 
in 2 and bladder overactivity in 2, one of whom had urge 
urinary incontinence and the other urinary retention. 


Herpes 


Herpes zoster infection is a viral syndrome characterized 
by a painful vesicular eruption involving one or more der- 
matomes and inflammation of the corresponding dorsal 
root ganglia. Both sensory and motor neurons can be 
affected. 

Cohen et al reviewed the literature of herpes zoster associ- 
ated with bladder and/or bowel dysfunction since 1970. 
Thirty-two cases had been reported. Urinary retention was 
present in 28 (88%), symptoms of cystitis (dysuria, fre- 
quency, hesitancy) in 13 (41%), symptoms of both retention 
and cystitis in 11 (34%), and constipation and/or fecal incon- 
tinence in 20 (63%) patients. Sacral dermatomes (S2-S4) 
were involved in 78% of cases; lumbar and thoracic der- 
matomes were affected in 16% and 2% of patients, respec- 
tively. Men were affected more commonly than women (66% 
vs 34%). Patients tended to present in the sixth to eighth 
decades of life, although some women in their twenties have 
been reported. Cystometrograms typically show absent 
detrusor spikes or flaccid neurogenic bladders.“ 

In 1993, Brosetta et al published urologic findings on 57 
patients diagnosed with and treated for herpes zoster infec- 
tion. Fifty-four percent of the patients were men and the 
mean age was 51 years. Thirty-seven percent of patients 
had some type of immunodeficiency (HIV, hepatic disease, 
lymphoproliferative disorder). Fifteen of the 57 (26%) had 
urologic manifestations. Two of the 15 (13%) exhibited 
urinary retention and were found to have detrusor are- 
flexia on CMG. Three of the 15 (20%) exhibited inconti- 
nence and detrusor hyperreflexia on CMG.® 


Human T-lymphotropic virus 


HTLV-I-associated myelopathy (HAM) is a slowly progres- 
sive spastic paraparesis caused by infection with human 
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T-lymphotropic virus type I (HTLV-I) and less frequently 
with HTLV type II. Clinical manifestations result from 
demyelination and eventual atrophy of the thoracic spinal 
cord. The myelopathy has a peak incidence in 
HTLVinfected patients age 40-50 years and women are 
affected more than men. Co-infection with HIV results in 
an increased rate of myelopathy among those with HTLV 
infection. Murphy et al performed a cross-sectional analy- 
sis of HTLV-seropositive subjects who were detected from 
5 blood donor centers in the United States. Myelopathy was 
confirmed in 4 of 166 (2.4%) HTLV-I-positive subjects and 
in 1 of 404 (0.25%) HTLV-II-positive subjects. All 5 
patients diagnosed with HAM underwent urodynamic 
evaluation and all were found to have dyssynergic bladder 
contractions. In fact, urinary urgency and incontinence 
were the most common presenting symptoms and 2 of the 
patients had undergone urodynamic evaluation prior to 
enrollment in the study. 


Lyme disease 


Lyme disease is caused by the spirochete Borrelia burgdorferi. 
It is the most common tick-borne disease in the United 
States and is associated with a variety of neurologic sequelae. 
Chancellor et al evaluated 7 patients with confirmed Lyme 
disease and associated lower urinary tract dysfunction. Most 
of the patients had paraparesis with partial sensory loss and 
1 was temporarily in a coma. Two patients had urinary 
retention, 4 patients had one or more irritative symptoms 
(frequency, urge incontinence, nocturia), and 1 patient had 
enuresis. On urodynamic evaluation, 5 of the patients 
demonstrated detrusor hyperreflexia and 2 had detrusor 
areflexia. Detrusor-sphincter dyssynergia was not observed 
in any patient. Of the five patients with detrusor hyper- 
reflexia, 2 were aware of the involuntary contractions but 
could not inhibit them and 3 were unaware of the involun- 
tary contractions. With follow-up after intravenous antibi- 
otics ranging from 6 months to 2 years, urologic symptoms 
resolved completely in 4 patients, while in 3 patients, symp- 
toms improved but with residual urgency and frequency.” 


Poliomyelitis 


Acute poliomyelitis is often associated with urinary reten- 
tion owing to detrusor areflexia, although bladder function 
is generally recovered. Uninhibited detrusor contractions 
with urge incontinence or an atonic bladder with weak, 
ineffective detrusor contractions may also be seen.°* 
Howard et al reported an 11% prevalence of retention in 23 
of 203 patients during the acute polio episode, whereas 
69/203 (34%) had chronic urinary symptoms persisting 
after resolution of the acute episode.” 


Progressive functional deterioration occurring years 
after an acute episode of poliomyelitis is termed postpolio 
syndrome (PPS). It manifests as new-onset or progressive 
motor or visceral dysfunction, or as joint or limb deterio- 
ration. It may be present in as many as 78% of patients 
with a history of polio. Symptoms can be classified into 
two categories: those associated with orthopedic and joint 
deterioration and those caused by neurologic deteriora- 
tion. The symptoms are exacerbated by physical activity or 
fatigue. The mechanism is not known but may be sec- 
ondary to premature or accelerated loss of anterior horn 
cells that innervate large numbers of muscle fibers, loss of 
neuronal cell terminals that had sprouted to innervate 
muscle fibers, reactivation of the virus, deterioration of the 
immune system, and intercurrent neurologic or nonneuro- 
logic diseases.” 

Johnson et al evaluated 330 completed questionnaires 
mailed randomly to subjects in West Texas with a history of 
polio. Eighty-seven percent of women and 74% of males 
reported symptoms of PPS. The mean age of responders 
was 55 years. The mean age at acute attack was 10 years and 
the mean interval between the acute episode and the devel- 
opment of PPS was 33 years for females and 36 years for 
males. Three hundred and six (93%) patients reported uro- 
logic symptoms which included change in bladder func- 
tion, change in sexual function, frequency 8 voids/day, 
nocturia 2 voids/night, hesitancy, urgency, intermittency, 
post-void dribbling, and decreased force of stream. 
Thirtyfive patients (10.6%) reported detrusor instability. 
Only a few had symptoms compatible with hypocontrac- 
tile or areflexic bladders, requiring catheterization. 

The prevalence of incontinence among females was sim- 
ilar among those with and without PPS (72% vs 77%, 
respectively); however, the severity of incontinence was 
worse in those with PPS. Incontinence in men was limited 
to post-void dribbling or urge incontinence. These symp- 
toms were worse in men with PPS.” 


Syphilis 


Voiding dysfunction related to neurosyphilis had a high 
prevalence in the pre-penicillin era. Voiding dysfunction 
caused by decreased vesical sensation resulted in large 
residual urine and bladder decompensation. Fortunately, 
improvements in medical care have made neurosyphilis 
arare entity. 

Neurosyphilis affects males more than females and pre- 
sents in middle-aged years after a period of latency. 
Roughly 10% of patients infected with primary syphilis 
later develop neurosyphilis. Lumbosacral meningomyelitis 
with involvement of the dorsal cord and/or spinal roots 
(tabes dorsalis) results in bladder dysfunction. This mani- 
fests as decreased bladder sensation, large bladder capacity, 
and high post-void residuals. In some patients, typically 
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those with general paresis of the insane, incontinence can 
occur which is usually functional or possibly the result of 
uninhibited detrusor activity as seen in upper motor neu- 
ron lesions.” 

Brodie reported on 13 patients with neurosyphilis and 
bladder involvement. Twelve of the 13 had classic detrusor 
areflexia and decreased bladder sensation, leading to 
overdistention. One patient had detrusor hyperreflexia.”” 

Garber et al reported on 3 patients with tertiary syphilis. 
All 3 were found to have hypocompliant bladders with 
detrusor hyperreflexia, detrusor-sphincter dyssynergia, 
and elevated residual volumes on videocystometrography. 
This small group of patients demonstrates how tertiary 
syphilis can manifest with upper motor neuron bladder 
dysfunction.” 


Tuberculosis 


Tuberculosis can affect the spine. Spinal tuberculosis is 
more severe, dangerous, and disabling in children than in 
adults. Mushkin and Kovalenko studied 32 patients under 
the age of 16 years with thoracic and lumbar spinal tuber- 
culosis who underwent antibiotic and surgical treatment. 
Paraplegia occurred in 8 patients and was always associated 
with bladder and bowel dysfunction. Three other patients 
without paraplegia also had bladder and bowel dysfunc- 
tion (34%, overall). Eight of the 11 recovered bladder and 
bowel function postoperatively. Urodynamic evaluations 
were not included in this report.” 


Radical pelvic surgery 
Rectal carcinoma/resection 


Urinary dysfunction as a consequence of damage to impor- 
tant neuroanatomic structures remains a common compli- 
cation of radical pelvic surgery, particularly in 
abdominoperineal resection (APR) for rectal carcinoma. 
The extent of primary resection and lymphadenectomy are 
major determinants of degree of postoperative urologic 
morbidity. The incidence of de-novo urinary dysfunction 
following APR has been reported to be as high as 70%. 
Urinary retention caused by detrusor denervation is the 
most common type of voiding dysfunction after APR, and 
is the result of disruption of detrusor branches of the 
pelvic nerve. Less commonly, stress urinary incontinence 
secondary to denervation of the external sphincter or 
direct injury to the muscle itself can occur.” 

Voiding dysfunction is more severe after APR than after 
rectal sphincter-preserving procedures, such as low ante- 
rior resection (LAR), and degree of dysfunction is related 
to the extent of dissection. In a study by Hojo et al, 22 of 25 


patients (88%) who underwent preservation of the auto- 
nomic nerves were voiding spontaneously by postoperative 
day 10, whereas 28 of 36 patients (78%) with complete 
resection of the pelvic autonomic nerves still had urinary 
retention and were dependent on indwelling catheter 
drainage by postoperative day 60.76 

Similar studies by Mitsui et al and Sugihara et al demon- 
strated that 100% of patients undergoing bilateral nerve 
sparing with radical resection for rectal carcinoma 
regained spontaneous voiding postoperativley.’”’* When 
unilateral pelvic plexus preservation is performed, over 
90% are able to void spontaneously. Thirty percent of 
patients undergoing complete resection of pelvic auto- 
nomic nerves in Sugihara’s study required self-catheteriza- 
tion. In Mitsui’s series, only 30% of patients in the 
nonpreserved group voided normally. Interestingly, they 
noted no significant difference in lower urinary tract func- 
tion between patients receiving LAR vs APR. 

Michelassi and Block reported on 27 patients who 
underwent either conventional (10) or wide (17) pelvic 
lymphadenectomy with radical resection for carcinoma of 
the rectum. They noted that 18% of patients undergoing 
wide pelvic lymphadenectomy required intermittent self- 
catheterization postoperatively. All patients in this group 
were able to stop catheterization within 8 months of 
thesurgery.” 

Cosimelli et al reported minimal urologic morbidity in 
57 male patients undergoing LAR and limited lumboaortic 
lymphadenectomy. Less than 3% had urinary incontinence 
and 4.2% experienced urinary retention.*° 


Radical hysterectomy 


Voiding dysfunction after radical hysterectomy and pelvic 
lymphadenectomy for carcinoma of the cervix has typi- 
cally manifested as bladder atonia. An early report by 
Ketcham et al revealed an 8% rate of atonia requiring Foley 
catheter drainage postoperatively.*! 

Seski and Diokno prospectively studied 10 patients 
before and after radical hysterectomy. Results suggest that a 
hypertonic phase immediately postoperatively is transient 
and secondary to myogenic tonicity. By 6-8 weeks postop- 
eratively, bladder capacity and compliance returned to the 
preoperative level. Only 1/10 (10%) developed significant 
detrusor denervation, as demonstrated by a positive 
bethanechol supersensitivity test. 

A more recent report by Lin et al reported urodynamic 
results on patients who underwent either radical hysterec- 
tomy, pelvic radiation, or both, and compared them to a 
control group of patients with cervical cancer before treat- 
ment. Detrusor instability or low bladder compliance was 
found in 57%, 45%, 80%, and 24% of patients, respectively. 
Each group was found to have decreased bladder capacity. 
The frequency of abdominal strain voiding was 100% in all 
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treatment groups, but was 0% in the pretreatment group. 
Abnormal residual urine was seen in 41%, 27%, 40%, and 
24% of patients, respectively.* 


Spinal stenosis 


Lumbar spinal stenosis does not often cause chronic blad- 
der dysfunction. However, when it does, it is considered to 
be an advanced form and is related to compression of the 
cauda equina. Kawaguchi et al evaluated 37 patients with 
lumbar spinal stenosis before and after decompressive 
laminectomy. Twenty-nine patients had subjective urinary 
complaints. Preoperative CMG studies revealed 23 patients 
(62%) with neuropathic bladders (18 underactive, 5 over- 
active). Thirty-eight percent had normal CMG studies. 
Postoperative CMG studies in 9 patients with neuropathic 
bladders demonstrated a normal pattern in 6 patients, with 
3 exhibiting a persistent underactive bladder.“ 

Cervical spondylosis is a generalized disease process 
which can affect all levels of the cervical spine. When the 
pathology is located laterally, spondylosis causes only 
radicular symptoms, whereas a central or paracentral loca- 
tion can cause cord compression in addition to root 
lesions. Lower urinary tract sphincter disturbances and 
bladder dysfunction (frequency, urgency, urge inconti- 
nence) can be seen along with lower extremity signs such 
as gait disturbance, lower extremity spasticity, and hyper- 
active tendon reflexes. Tammela et al performed urody- 
namic studies on 30 consecutive patients with clinically 
and radiologically verified cervical spondylosis causing 
radiculopathy and/or myelopathy. Sixty-one percent of 
patients complained of irritative bladder symptoms, and 
detrusor hyperactivity was demonstrated urodynamically 
in 46%. Twenty-five percent had hyperreflexic detrusor 
contractions with ice water provocation. Sensitivity to cold 
was lacking in 39%. Eleven percent described difficulty 
emptying the bladder and all were found to have hypotonic 
detrusors.® 


Spine surgery 


The incidence of voiding dysfunction after spinal surgery 
has been shown to be as high as 60%.°*° Boulis et al reported 
an incidence of 38% of 503 patients undergoing routine cer- 
vical or lumbar laminectomy or discectomy. Neither the rate 
nor the duration of retention between men and women was 
significantly different. Patients undergoing cervical or lum- 
bar laminectomy were found to have longer duration of 
retention than those undergoing cervical or lumbar discec- 
tomy. Preoperative use of beta-blockers was associated with 
increased risk of urinary retention postoperatively. Patients 
who developed urinary retention were older on average than 


those who did not develop retention (51.9 years vs 48.4 
years). The rate of retention did not differ significantly 
between groups who did and did not have intraoperative 
Foley catheters placed.*’ 

Brooks et al performed urodynamic evaluations on 74 
patients who complained of new onset (69) voiding symp- 
toms or exacerbation of underlying voiding symptoms (5) 
after undergoing lumbosacral laminectomy, discectomy, or 
both. Sixty percent were found to have pathologic urody- 
namic findings. Sixteen percent were found to have a 
hypoesthetic bladder and 24% demonstrated a hyperes- 
thetic bladder. Fourteen percent had bladder capacities less 
than 200 ml while another 14% had capacities greater than 
500 ml.%6 


Other causes of neurogenic 
bladder 


Non-neurogenic neurogenic 
bladder 


Non-neurogenic neurogenic bladder, also known as 
Hinman’s syndrome is a functional bladder outlet obstruc- 
tion caused by voluntary contractions of the external ure- 
thral sphincter during voiding. It is a learned voiding 
dysfunction developed early in life by children in response to 
uncontrolled bladder contractions. Typically, patients pre- 
sent with frequency, urgency, urinary incontinence, recur- 
rent urinary tract infections, or occasionally encopresis. The 
voiding dysfunction is usually acquired after toilet training 
and tends to resolve after puberty.®**? The syndrome is 
rare in children. Reports on the prevalence of Hinman’s 
syndrome in adults vary. Jorgensen et al reported a 0.5% 
prevalence rate among patients referred for urodynamic 
evaluation.” 

In scanning a urodynamic database of 1015 consecutive 
adults referred for evaluation of voiding dysfunction, 
Groutz et al identified 21 (2%) patients (13 women, 8 men) 
who met criteria for Hinman’s syndrome. Ninety-five per- 
cent of the patients exhibited obstructive symptoms and 
more than half had frequency, nocturia, and urgency. On 
non-invasive uroflow evaluation, all patients exhibited an 
intermittent flow pattern. On urodynamic study, firstsen- 
sation volume was significantly lower in women than in 
men (123 vs 272 ml). This trend was also seen in first urge, 
strong urge, and bladder capacity volumes. Fourteen per- 
cent (3) were also found to have detrusor instability. 
Detrusor pressure at maximum flow and maximum detru- 
sor pressure during voiding were both found to be signifi- 
cantly higher in men than in women. The authors 
concluded that the prevalence of this condition among the 
adult population may actually be higher than 2%.*° 
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Myasthenia gravis 


Myasthenia gravis (MG) is an autoimmune disorder 
whereby antibodies against the nicotinic cholinergic recep- 
tors of neuromuscular transmission result in muscle weak- 
ness and easy fatigability. It typically affects striated muscle, 
although antibodies against smooth muscle muscarinic 
receptors have been identified as well. Voiding dysfunction 
in association with the disease is rare.” 

There are reports in the literature which note an associ- 
ation between MG and incontinence in men with prostatic 
bladder outlet obstruction. It has been hypothesized that 
thorough resection led to injury to a sphincter already 
compromised by the underlying neurologic disorder and 
the authors recommended incomplete resection to prevent 
this complication.” Another small series of 8 men with 
MG and prostatic resection found that patients who 
underwent TURP (transurethral resection of the prostate) 
with blended current all became incontinent, but men who 
underwent TURP with either high-frequency unblended 
current, partial proximal resection, or open prostatectomy 
remained dry.” Khan and Bhola published a report of 1 
patient who underwent open prostatectomy and remained 
dry. EMG studies revealed that although his sphincter 
functioned normally, it did demonstrate easy fatigability.”* 

There are 4 reports in the literature of voiding dysfunc- 
tion in patients with no history of TURP. Howard et al 
reported a 31-year-old female with recurrent incontinence 
after undergoing bladder neck suspension for stress incon- 
tinence. She was found to have an open bladder neck, 
inability to sustain a pelvic floor contraction, and hyper- 
reflexia which occurred concomitantly with deterioration 
of her myasthenia gravis.” Three other publications 
reported patients with myasthenia gravis and voiding dys- 
function with either detrusor hyporeflexia or areflexia.°° 8 
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Ultrastructure of neurogenic bladders 


Axel Haferkamp 


Introduction 


Functional pathology of the detrusor has evolved as a new 
paradigm for the clinical study of voiding dysfunction.’ It 
defines altered microstructure of the detrusor and how it 
impacts on abnormalities of its function, as a corollary to 
the premise that normal detrusor microstructure and 
function are closely interrelated, if not interdependent.’ 
This approach has led to a better understanding of various 
voiding dysfunctions, including incontinence, in the 
elderly, and promises to be equally valuable in similar dis- 
orders in younger patients. 

Three distinctive ultrastructural patterns occurring 
separately or in combination have been described: the 
degeneration, dysjunction, and myohypertrophy patterns, 
respectively associated with impaired detrusor contractility 
(IDC), detrusor overactivity (DO), and detrusor with blad- 
der outlet obstruction (BOO). A fourth so-called ‘dense- 
band’ pattern with depleted caveolae and elongated 
intervening dense bands of muscle cell membranes (sar- 
colemmas) appears to be characteristic of the aged detru- 
sor, whether it is normal or dysfunctional. 

To date, intrinsic structural defects in neurogenic blad- 
der dysfunction (NBD) have been described in feline mod- 
els, and proposed as the structural basis of the dysfunction 
associated with lower motoneuron injury or deficit.“ 
Intrinsic structural defects of longstanding neurogenic 
bladder dysfunction due to an upper motoneuron lesion 
(spinal cord injury, brain disorder) or from a combined 
lower and upper motoneuron deficit (meningomyelocele) 
have been investigated in humans.’!° 


Tissue preparation for 
ultrastructural evaluation 


An endoscopic cold cup biopsy should be obtained extra- 
trigonally from the bladder wall. The open biopsy from the 
bladder wall should be excised by scalpel to obviate tissue 
destruction and artefacts of electrocautery. Each biopsy 


should be placed immediately in chilled fixative (2.5% glu- 
taraldehyde in 0.1 M phosphate buffer containing 0.02% 
magnesium sulfate heptahydrate), and later processed for 
electron microscopy by a standardized procedure:!"! 
Specimen processing includes trimming of each specimen to 
yield 5-10 tissue blocks (~1 mm’), postfixation in 1% 
osmium tetroxide, dehydration in ascending concentrations 
of ethanol, and embedment in Epon® or Araldite®. Semithin 
(1-2 um) sections can be stained, for example with toluidine 
blue, and examined by light microscopy in order to select 
from each biopsy two blocks best suitable for electron 
microscopy (ample diagonally and longitudinally sectioned 
smooth muscle). Ultrathin (60 nm thick) sections of the 
selected blocks can be obtained by a diamond knife, 
mounted on uncoated 150-mesh copper grids, and stained 
by a standard uranyl acetate/lead citrate sequence. Between 8 
and 12 sections on two grids from each tissue block should 
be examined and photographed by an electron microscope. 

Following the MIN approach to structural study of the 
detrusor,’ the ultrastructure of smooth muscle (M), inter- 
stitium (I), and intrinsic nerves (N) should be examined at 
various magnifications (x2500-100000), both qualita- 
tively and quantitatively. 


Criteria for ultrastructural 
evaluation 


Smooth muscle 


The detrusor should be examined for grouping arrange- 
ment of the muscle cells as compact, intermediate, or loose 
fascicles” (Figure 10.1), and the various ultrastructural pat- 
terns of nonneuropathic vesical dysfunction. >! Three 
distinctive ultrastructural patterns occurring separately or 
in combination have been described: 


e Impaired detrusor contractility (IDC) is characterized 
structurally by a widespread marked degeneration of 
intrinsic muscle cells and axons (full degeneration 
pattern). 
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Figure 10.1 


Fascicular arrangement of detrusor smooth muscle. (a) Compact (near-normal) fascicles with closely packed muscle cells: shortest 
intercellular distance 90 nm (Neg. # 45296; x4109). (b) Intermediate fascicles with mild muscle cell separation: shortest intercellular 
distance 285 nm (Neg. # 46551; x3897). (c) Loose fascicles; arrangement of widely separated muscle cells with lots of intercellular 
collagen fibrils: intercellular distance up to 1 um or more (Neg. # 68816; x4141). 


Figure 10.2 
Muscle cell junctions. (a) Normal intermediate junctions (white arrows); note strictly parallel sarcolemmas with uniform 56 nm wide 
cell separation containing central linear density (Neg. # 45688; x15 790). (b) Finger-like intimate cell apposition (ICA) (black arrow) 
(Neg. #47271; x27 900). (c) Finger-like intimate cell appositions (ICAs) (white arrows) (Neg. # 46718; x17 860). 


e BOO presents with muscle cell hypertrophy and 
increased collagen content of widened spaces between 
individual cells (myohypertrophy pattern)."* 

e Geriatric and obstructive DO has been associated with 
altered muscle cell junctions. 


Intermediate junctions (IJs) of muscle cells predominate 
in normal detrusor, and mediate contraction coupling of 
muscle cells mechanically.'!° The IJ consists of strictly 
parallel sarcolemmas with paired symmetric dense 
plaques in the subsarcolemmal sarcoplasm, separated by a 
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Figure 10.3 
Muscle cell chain: six muscle cells (M1—6) chain-linked by finger- 
like protrusion junctions (white arrows) (Neg. # 45295; x7425). 


25-60 nm junctional gap containing a central linear den- 
sity (Figure 10.2). The overactive detrusor has a distinc- 
tive ultrastructural pattern (complete dysjunction) of 
three essential components. »>!%!>16 These are reduction 
or loss of IJs, abundance (or exclusive presence) of new 


cell junctions with very close separation gaps, introduced 
as protrusion junctions and ultraclose abutments and 
collectively designated as intimate cell appositions (ICAs) 
(Figure 10.2), and chain-like linkage of five or more mus- 
cle cells by these close junctions (Figure 10.3). With very 
close gaps (6-12 nm) between apposed sarcolemmas, 
these junctions were suggested as the myogenic basis of 
involuntary contractions during bladder filling (detrusor 
overactivity), mediating electrical coupling of muscle 
cells.” 

A fourth (dense-band) pattern with depleted caveolae 
and elongation of intervening dense bands of musle 
cell membranes (sarcolemmas) was recognized as 
characteristic of the aged detrusor, be it normal or 
dysfunctional.” 

Disruptive muscle cell degeneration is recognized by the 
disarray of sarcoplasmic myofilaments and dense bodies, 
sarcoplasmic vacuolation, sequestration or blebbing, and 
cell shrinkage or fragmentation (Figure 10.4).!7!* The 
degeneration is considered rare when observed in one- 
quarter or less of the examined microscopic fields, focal 
when in one-quarter to one-half of the fields, widespread 
when in one-half to all the fields, and generalized when 
observed in every muscle cell — generally with condensa- 
tion, intensified electron density, or disruption of its sar- 
coplasm. Muscle cells were also examined for features of 
regeneration, including nucleoli, expanded endoplasmic 
reticulum, and abundant mitochondria. 


Figure 10.4 
Disruptive muscle 

cell degeneration. 

(a) Vacuolated 
sarcoplasm: arrows 
(Neg. # 45803; x7425). 
(b) Intensely 
electron-dense 
sarcoplasm of 
shrunken muscle cells: 
arrows (Neg. # 46694; 
x7965). 
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Figure 10.5 Intrinsic nerve profiles. (a) Normal axon terminal (cholinergic; white arrow), partially ensheated by a Schwann cell (S) 
at a neuroeffector junction with a muscle cell (M) (Neg. # 45304; x21 649). (b) Axon terminal partially ensheathed by a Schwann cell (S) 
with a very small neuroeffector junctional gap (Neg. # 45368; x25 200). (c) Degenerated axon terminal with reduced (black arrow) clear 
small vesicles at a neuroeffector junction (Neg. # 45646; x26 069). (d) Schwann cell ensheathed (S) axon preterminals: degenerated with 
reduced (black arrow) or nearly depleted (white arrow) vesicles. (Neg. # 45269; x29 077). (e) Degenerated axon terminal: bloated 
disrupted mitochondria (arrow) (Neg # 45562; x16 614). (f) Nonvaricose segment of myelinated axon within nerve bundle, with features 
of degeneration: irregularly split myelin sheath, and collapsed axoplasm (Neg. # 46729; x15 007). 


Intrinsic neural elements 


The ultrastructural morphology and content of axon ter- 
minals at neuroeffector junctions (axon—muscle cell con- 
tacts) and Schwann cells, together with their ensheathed 
unmyelinated and myelinated axons (axon preterminals 
and nonvaricose segments), should be evaluated. Profiles 
of unmyelinated axon terminals and preterminals can be 
defined as normal, degenerated, or regenerated. 


Normal axon terminals within the detrusor (Figure 
10.5) are unmyelinated and bare (without a Schwann cell 
sheath), are packed with small vesicles (SVs; approximately 
60 nm diameter), contain 1-3 rodlet-shaped mitochondria 
with defined cristae, and contact muscle cells with 15-25, 
>25-40, or >40-80 nm gaps, respectively, at close, almost 
close, or en passant neuroeffector junctions.”'® Cholinergic 
axons contain clear (empty) and adrenergic axons dense- 
cored (granular) small vesicles. The latter vesicles are often 
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indiscernible in tissues fixed in vitro because of the rapid 
release of the neurotransmitter norepinephrine (responsi- 
ble for the dense cores), so that the content of adrenergic 
axons in human biopsies processed routinely in vitro tends 
to be underestimated. Unfortunately, corrective procedures 
to intensify the dense cores ensuring their visualization 
(e.g. injection of 5-hydroxydopamine in vivo prior to 
biopsy**) are inapplicable to the human. Axon terminal 
profiles often contain one or two large dense-cored vesicles 
(LDCVs; approximately 120 nm diameter) that are 
believed to store purinergic and/or peptidergic neurotrans- 
mitters in the same terminals containing acetylcholine in 
cholinergic or norepinephrine in adrenergic small vesi- 
cles.*!? Preterminal axons resemble terminals but have 
Schwann cell sheaths and lack contact with muscle cells 
(Figure 10.5). More central normal unmyelinated and 
myelinated nonvaricose axon segments within nerve bun- 
dles are also ensheathed, but their axoplasms abound in 
neurotubules and neurofilaments, and contain few SVs but 
no LDCVs (Figure 10.5). 

Degenerated axon terminal profiles have much fewer to 
depleted SVs (Figure 10.5), often with neuroeffector junc- 
tional gaps >80 nm — even exceeding 200 nm. Wide gaps 
alone, however, cannot be considered a sign of axonal 
degeneration. Globoid (empty) mitochondria with 


Figure 10.6 Regenerated 
nerve profiles. (a and b) Axon 
sprout replete with 
mitochondria and LDCV (Neg. 
# 45361,47197; x41 850). 

(c) Copeptidergic axon profile 
with few mitochondria and 
abundant LDCVs (black arrow) 
(Neg. # 45184; x36 260). 

(d) Activated Schwann cell 
ensheathing myelinated axon 
segment with abundant 
neurotubules; cytoplasm 
contains abundant 
mitochondria (arrow) 

(Neg. # 45711; x26 460). 


distorted cristae? were an ancillary feature of axonal 
degeneration when not attributable to artefacts of blad- 
der/tissue manipulation at open surgery, causing similar 
involvement of other tissue elements. Degeneration of 
myelinated axons (within nerve bundles) can be identified 
by changes resembling Wallerian degeneration, including 
collapse of nonvaricose axon segments, and angulated, 
bean-shaped, or split myelin sheaths (Figure 10.5).”7! 
The cardinal feature of growing and regenerating axons 
is a general increase in axoplasmic organelles. Sprouting 
axons have been characterized ultrastructurally by having 
abundant mitochondria and LDCVs, in addition to 
increased neurofilaments and neurotubules in the axo- 
plasm. In the absence of available standards, abundant 
mitochondria have been defined in the studies presented 
by Elbadawi et al’ and Haferkamp et al? as 24, and abun- 
dant LDCV as 23 per axon profile. Profiles with both fea- 
tures were considered as axon sprouts (Figure 10.6), and 
those with abundant LDCVs only (i.e. with <3 mitochon- 
dria) as copeptidergic axons (Figure 10.6). Sprouts were 
assumed to represent active, ongoing regeneration. 
Terminal profiles designated as copeptidergic were consid- 
ered normal (representing stable regeneration) when also 
packed with SVs, or degenerating (presumably represent- 
ing ‘regressed’ regeneration) when SVs were reduced or 
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depleted. Abundant neurotubules/neurofilaments were 
discounted when observed as the only axoplasmic change 
in single cross-sectioned profiles of nonvaricose axon seg- 
ment profiles since these are indistinguishable from cross- 
sectioned processes of activated Schwann cells containing 
abundant ultrastructurally similar microtubules and 
microfilaments.” 

Schwann cells can be evaluated for changes similar to 
those following peripheral nerve transection**”> occurring 
in conjunction with axonal degeneration and regeneration. 
Normal cells contain few mitochondria, underdeveloped 
endoplasmic reticulum, and few ribosomes.” Activated 
Schwann cells (Figure 10.6) have abundant mitochondria, 
ribosomes, microfilaments, and microtubules, and dilated 
endoplasmic reticulum, cell processes mimicking axon 
profiles,” and outlying dense collagen deposits.”° 

Gap widths at neuroeffector junctions were based on 
the measurement of the shortest distances between axon 
terminals and adjacent muscle cells. 


Short- and long-term 
ultrastructural changes in 
lower motoneuron 
neurogenic bladder 
dysfunction in a feline model 


Elbadawi and coworkers*® and Atta et al° evaluated the 
ultrastructural changes of the detrusor muscle and its 
cholinergic and adrenergic innervation in a feline animal 
model. All animals had undergone bladder decentraliza- 
tion by unilateral sacral ventral rhizotomy (deterioration 
of the preganglionic peripheral axon). In a short-term 
evaluation (2—4 weeks after surgery) in all samples a wide- 
spread transsynaptic degeneration of cholinergic axon ter- 
minals and varicosities occurred together with a loss of 
neuroeffector junctions, characterized by a widening of the 
axon terminal to a muscle cell cleft (up to + 500 nm). The 
herein observed degenerative changes in (postganglionic) 
axons of the decentralized bladder represent the first exam- 
ple of transsynaptic degeneration in an autonomically 
innervated mammalian smooth muscle system. This was 
associated with a preservation of most adrenergic axons 
and especially starting in the 4-week samples with concur- 
rent early regeneration or sprouting in many cholinergic 
and adrenergic axons. In the long-term evaluation (8—10 
weeks after surgery) there was a widespread regeneration 
of cholinergic axons that displayed initial transsynaptic 
degeneration shortly after operation, with reformation of 
cholinergic neuroeffector junctions. This was associated 
with reactive sprouting of adrenergic axons leading to 
adrenergic hyperinnervation, as well as the emergence of a 


population of cholinergic and adrenergic axons containing 
strikingly abundant LDCV. These findings suggest that the 
degeneration of cholinergic axons occurring after rhizo- 
tomy is reversible, and is compensated by the development 
of adrenergic hyperinnervation and by an emergent prob- 
able ‘peptidergic’ axonal influence. 

These neural changes were associated with both degen- 
erative and regenerative ultrastructural changes in smooth 
muscle cells, indicating transjunctional changes in an effec- 
tor tissue. Degenerative muscle cell profiles presented with 
myofilament disruption with reduced electron density, 
granular disintegration, flocculent degeneration, vacuolar 
degeneration, or generalized increase of sarcoplasmic elec- 
tron density with aggregation of myofilaments, and were 
much more frequent in short- than in long-term samples. 
Although the muscle cell changes had no constant rela- 
tionship with neural changes in their spatially close axon 
bundles, most degenerative profiles were observed next to 
degenerating cholinergic neuroeffector junctions. 

In contrast, regenerative muscle cell profiles were much 
more frequent and widespread in the long-term samples. 
These profiles were recognized by their overall intact ultra- 
structure with ‘active’ nuclei and proliferation of some 
organelles. 


Long-term ultrastructural 
changes in human upper 
motoneuron neurogenic 

bladder dysfunction 


Haferkamp et al*? undertook the ultrastructural evaluation 
of detrusor biopsies of 9 patients with meningomyelocele 
(MMC), 25 patients with spinal cord injury (SCI), and 12 
patients with different brain disorders (BD). In these 
patients the neurogenic hyperreflexic bladder dysfunction 
had been present for between 3 months and 43 years. 

The most frequent fascicle structure was compact; it 
tended to be more common in biopsies of the SCI group 
than those of either the MMC (p= 0.011) or the BD group 
(p = 0.026). 

Biopsies from four patients with BOO (BD group) dis- 
played the ultrastructural myohypertrophy pattern, with 
broadly undulated or crenelated cell contours. This 
observation confirms the previously described ultrastruc- 
tural myohypertrophy patterns in outlet obstruction. In 
contrast, detrusor—sphincter—dyssynergia, which is tanta- 
mount to ‘functional obstruction of the outlet, was not asso- 
ciated with the myohypertrophy pattern in the present study. 

The dense-band pattern of aged detrusor was identified 
in 14 biopsies obtained from 65- to 96-year-old patients (2 
SCI, 12 BD group). None of the MMC group biopsies had 
this pattern, but a similar pattern was also observed in a 
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patchy distribution in four more SCI group biopsies from 
50-65-year-old patients. 

The complete dysjunction pattern of detrusor overactiv- 
ity with chain-like linkage of 25 muscle cells was observed 
in all biopsies. One BD group biopsy had dominant IJs 
with a 0.8 ICA:IJ ratio. This ratio was elevated (range: 2— 
45) in the other 45 biopsies. An ICA:IJ ratio 23 thus had 
91% sensitivity as an ultrastructural marker of neurogenic 
detrusor overactivity. Our observations confirm abnormal 
junctions (protrusion and other forms of similarly close 
ICA) as a constant feature of detrusor overactivity, be it 
non-neuropathic idiopathic or obstructive or neuropathic. 

Some degree of disruptive muscle cell degeneration was 
observed in all biopsies. The degree of degeneration in SCI 
group biopsies had no association with the anatomic level 
of spinal cord injury or its degree (complete versus incom- 
plete). Nor had it any association with impaired detrusor 
contractility in collective analysis of all biopsies — unlike 
previously reported findings in non-neuropathic dysfunc- 
tional detrusor. 

The observed neural changes comprised widespread 
axonal degeneration, far in excess of concomitant muscle 
cell degeneration, and restricted regeneration with acti- 
vated related Schwann cells: Most evaluated axon profiles 
(64%) had features of axonal degeneration, 20% had fea- 
tures of axonal regeneration, and 16% normal ultrastruc- 
tural morphology. Axonal degeneration and regeneration 
coexisted in 75% of biopsies, of which 57% also had 
admixed axon profiles of normal morphology. 
Regeneration was not identified or indeterminate in 24% 
of biopsies. 

Reduction/depletion of SVs was the dominant feature of 
transsynaptic axonal degeneration in MMC (median 87% 
of axon terminals) and SCI (median 84%) group biopsies, 
but was less prominent in BD (median 60%) group biop- 
sies. This may be attributed to the greater number of synap- 
tic relays (at least three) in neural pathways in biopsies of 
the BD than in the other two groups. Another feature of 
axonal degeneration, i.e. widening of axon/muscle cell sep- 
aration gaps at neuroeffector junctions, was very frequently 
observed (71% of junctions), with clefts often exceeding 
200 nm, but does not indicate whether the degeneration 
was present at the time of biopsy or had happened some 
time before and persisted, since gaps between regenerating 
axons and related muscle cells were also widened. 

Distorted axonal mitochondria were observed in 38 
biopsies (90.5%). Seven mixed nerve bundles contained 
degenerated myelinated axons. Axonal collapse and irregu- 
larities of myelin sheaths were present in all, and split 
sheaths in five biopsies. 

Axon sprouts and/or copeptidergic axons were 
restricted, but observed in 76% of the 45 biopsies with dis- 
cernible neural elements. The prevalence of regeneration 
was rather similar in the three biopsy groups, and it had no 
association with the duration of NBD. 


Axon sprout profiles were identified in 17 biopsies 
(38%), and copeptidergic axon profiles in the 34 biopsies. 
A characteristic component of the regeneration was the 
obvious increase in copeptidergic axons (median 18% of 
axons versus only <1% in normal detrusor”). There were 
no significant differences between the three biopsy groups 
in the prevalence of either sprout or copeptidergic profiles. 

The observed regeneration was restricted. It was limited 
to small populations of axon profiles, was incomplete (rep- 
resented by either copeptidergic axons or sprouts), even in 
cases with longstanding NBD, and coexisted with features 
of degeneration in many. Most copeptidergic axons (73%) 
had reduced SVs (similar to degenerated axons), despite an 
evident increase in LDCVs. These probably represent ini- 
tial regeneration that subsequently ‘regressed’. The remain- 
der (27%) had abundant LDCVs and were filled with SVs 
(like morphologically normal axons), and thus probably 
represented ‘stable’ regenerated axons. The duration of 
NBD had no association with the presence or absence of 
sprouts or copeptidergic axons. Sprouts and normal or 
regressed copeptidergic axons in variable proportions were 
present in biopsies from bladders with 3-10 months’ as 
well as in those with 1 to >10 years’ duration of NBD. The 
lack of a relationship of axonal degeneration to duration of 
NBD despite its wide range, together with the associated 
restricted regeneration, suggests a persistent — or continu- 
ing — degenerative process. 

Activated Schwann cells were observed within nerve 
bundles and around ensheathed preterminals in 44 of the 
45 biopsies with discernible neural elements. Their pres- 
ence had no association with the biopsy groups, duration 
of NBD, or axonal regeneration. Abundant mitochondria 
were present in 13 (29%), dilated endoplasmic reticulum 
in 6 (13%), and increased microfilaments and micro- 
tubules in all 44 biopsies (98%). Abundant outlying colla- 
gen was observed within the perineurium of the eight 
identified nerve bundles. 


Summary 


Characteristic ultrastructural findings have been described 
for lower and upper motoneuron bladder dysfunction in 
animal models or human specimens. These findings repre- 
sent morphologic markers to indicate not only the pres- 
ence of such dysfunction, but also the anatomic level of its 
causative neural deficit, i.e. spinal versus supraspinal 
(cephalic). The possible contribution of an occult neuro- 
logic factor to clinically non-neurogenic vesical dysfunc- 
tion in both the young and the elderly has so far eluded 
clinical and urodynamic recognition. The usefulness of the 
suggested morphologic markers in the clinical manage- 
ment of vesical dysfunction, whether overtly neurogenic or 
non-neurogenic, remains to be investigated in future 
studies. 
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Pathophysiology of the overactive bladder 


Alison F Brading 


Introduction 


In the proceedings of the Second International 
Consultation on Incontinence, the overactive bladder is 
described as one which fails to remain relaxed until an 
appropriate time for urination.' The resulting symptom 
syndrome includes the symptoms of urgency, with or with- 
out urge incontinence, usually with frequency and nocturia. 
International Continence Society (ICS) terminology in 
2002? classifies the overactive bladder as one in which the 
symptoms are suggestive of urodynamically demonstrable 
detrusor overactivity (involuntary detrusor contraction) 
during the filling phase, which may be spontaneously pro- 
voked. Detrusor overactivity is thus a urodynamic observa- 
tion, and the term replaces detrusor instability. It can be 
subdivided into neurogenic (when there is a relevant neu- 
rologic condition) or non-neurogenic (including idiopathic 
overactivity, and overactivity related to outflow obstruction 
and aging). 

The very fact that the symptom syndrome is found in 
patients with all the different associations of detrusor over- 
activity suggests that there may well be common underly- 
ing pathologic changes in the bladder wall, and indeed 
examination of the physiologic properties and ultrastruc- 
ture of bladder wall obtained from human overactive 
bladders or bladder from animal models of overactivity 
supports this assertion. In this chapter the common patho- 
physiologic features of the overactive bladder will be dis- 
cussed and their significance examined. The possible 
causes of the changes will then be explored, and the chap- 
ter will end with a consideration of the origin of probably 
the most ‘bothersome’ of the symptoms, that is urgency. 

The following changes in the detrusor are routinely seen: 


increased spontaneous myogenic activity 

fused tetanic contractions 

altered responsiveness to stimuli 

characteristic changes in smooth muscle ultrastructure. 


Examination of the bladder wall, peripheral innervation, 
and the micturition reflex in animals and humans with 
overactive bladders also shows common changes: 


patchy denervation of the bladder wall 

increased numbers of interstitial cells 

enlarged sensory neurons 

enlarged parasympathetic ganglion cells 

increased effectiveness of a spinal micturition pathway. 


All these common features make it very likely that what- 
ever the etiology of the condition, the underlying causative 
mechanisms are the same or very similar. I will first discuss 
the normal bladder and then consider the changes seen in 
the overactive bladder in more detail. 


The normal bladder 


The normal bladder fills at low pressure, whilst keeping its 
surface area:volume ratio minimal, so that synchronous 
contraction of the detrusor through parasympathetic 
innervation can rapidly increase intravesical pressure when 
micturition is initiated. The maintenance of a minimum 
surface area:volume ratio with little pressure rise is 
achieved by spontaneous contractile activity of the smooth 
muscle bundles combined with relatively poor electrical 
coupling between the myocytes, allowing them to adjust to 
the changing volume of the bladder without the synchro- 
nous activity necessary to raise the intravesical pressure. 
This type of spontaneous activity has been examined in 
some detail in the isolated bladders of small mammals, in 
which individual areas of the bladder wall can be seen con- 
tracting independently, and has been called ‘autonomous 
activity. Interstitial cells between the smooth muscle bun- 
dles may play a role in coordinating such activity.*° The 
urothelium is an active tissue that can respond to changes 
in stretch and the composition of the urine, communicat- 
ing with the suburothelium by secreting chemical media- 
tors such as NO and ATP.°’ The suburothelium contains a 
network of capillaries, interstitial cells,* and tachykinin- 
containing sensory nerve terminals, and is thought to be 
able to modulate the behavior of sensory nerves and the 
underlying detrusor to induce sensations of fullness and 
urgency and trigger micturition in an appropriate way. 
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Normal properties of the 
detrusor 


Smooth muscle strips dissected from normal animal or 
human detrusor have characteristic properties. A propor- 
tion of them, presumably reflecting the degree of cellular 
coupling in that strip, will develop spontaneous contractile 
behavior, featuring small transient rises in pressure from a 
low or zero baseline tone, the size of which is considerably 
smaller than that of evoked contractions (Figure 11.1). 
These spontaneous contractions are not abolished either 
by tetrodotoxin, which blocks conducted action potentials 
in nerves, or by blocking activation of muscarinic or 
purinergic receptors that normally mediate the parasym- 
pathetic nerve activity,’ although they can be modulated by 
drugs affecting the interstitial cells.'° The strips can be acti- 
vated by transmural stimulation of the intrinsic nerves 
with short electrical current pulses in a frequency-depen- 
dent manner, or directly activated by longer current pulses. 
Contraction mediated by intrinsic nerves can be totally 
abolished in normal human bladder by the muscarinic 
receptor antagonist atropine’! (Figure 11.2), although in 
animal bladders there is usually an atropine-resistant 
component which predominates at low frequencies and 
is mediated by neuronal release of ATP (Figure 11.3; for 
references see Brading? ). 

This purinergic innervation may be used to produce 
small spurts of urine without bladder emptying for territo- 
rial marking. Strips from animal and human bladders will 
also respond by contracting in a dose-dependent manner 
to depolarization with high potassium solutions and appli- 
cation of muscarinic and P2x purinoceptor agonists, 
although activation of purinoceptors cannot initiate the 
full contractile response available to the strip. 


The overactive bladder 


The overactive bladder often develops spontaneous rises in 
pressure during filling which may lead to leakage of urine, 
normally triggers micturition at lower volumes, and, if the 
pathways are intact, initiates the sensation of urge and 
urgency more readily than the normal bladder. 


Changes to the smooth 
muscle of the bladder wall 


Spontaneous activity 


Smooth muscle strips dissected from overactive bladders 
often show increases in spontaneous contractile activity. 
This has been seen in human bladder strips from 
obstructed overactive bladders'' and from neuropathic 
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Figure 11.1 

Spontaneous contractile activity in a strip of smooth muscle 
dissected from the detrusor of a pig bladder. At the arrow the 
intramural nerves were stimulated for 5 s at 50 Hz. 
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Figure 11.2 

Contractile responses in a strip of human detrusor to transmural 
field stimulation (20 Hz, 5 s) of the intrinsic nerves. Note that the 
size of the response is enhanced by the cholinesterase inhibitor 
physostigmine, and almost completely blocked by the 
muscarinic antagonist atropine. (Reproduced from Sibley with 
permission.)'2 
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Figure 11.3 

Frequency—response curves of detrusor strips from various 
animals under control conditions (filled symbols) and in the 
presence of atropine (open symbols). Note the species 
dependency of the size of the atropine-resistant responses. 
These curves were further suppressed in the presence of 
tetrodotoxin with the exception of the human bladder, where 
the atropine-resistant contractions were also TTX resistant, and 
presumably due to direct smooth muscle stimulation (not 
shown). 


overactive bladders.'? A change in the pattern of the 
spontaneous activity is also seen which is very character- 
istic of bladder overactivity. Strips from overactive blad- 
ders show fused tetanic contractions'*"” (Figure 11.4), 
reminiscent of the activity typically shown by well- 
coupled smooth muscles such as in the gut. Similar fused 
tetanic contractions are seen in bladders from pigs with 
instability secondary to outflow obstruction; indeed, in 
those with well-developed instability, bizarre patterns are 
often observed'! (Figure 11.5). More recently, recording 
from human bladders with multiple electrodes has also 
demonstrated increased spontaneous activity associated 
with sensory urgency.'® 


Altered responsiveness to stimuli 


Alterations are also seen in the responses of overactive 
detrusor to stimulation with agonists and to transmural 
electrical stimulation (either direct or via activation of 
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Spontaneous contractile activity in detrusor strips dissected from 
normal (left) and idiopathically overactive (right) human 
bladders. Note the typical small phasic contractions of the 
normal detrusor strips, and the larger fused contractions in 
strips from overactive bladders. (Reproduced from Mills with 
permission.)"? 


intrinsic nerves). In this case, there are differences in the 
patterns seen in tissues from overactive bladders of differ- 
ent etiology. In obstructed bladders there is a supersensi- 
tivity to muscarinic agonists and KCI with a reduced 
contraction to intrinsic nerve stimulation. !™? = Similar 
changes are seen in animal models of bladder overactivity 
(pig’*?> and rabbit™®) (Figure 11.6). In neuropathic blad- 
ders from patients with spina bifida (Figures 11.7 and 
11.8), supersensitivity is again seen to cholinergic agonists 
and KCl, but there is no change in the sensitivity of the 
contractile response to intrinsic nerve stimulation, 
although the size of the response is smaller.” In idiopathic 
overactivity, bladder strips show supersensitivity to KCl, 
but not to muscarinic agonists (Figure 11.9) and there is a 
reduced contractile response to intrinsic nerve stimula- 
tion.' We have also found evidence that overactive strips 
are more easily activated by direct electrical stimulation of 
the smooth muscle (contractions elicited by transmural 
nerve stimulation that are resistant to the nerve blocking 
action of tetrodotoxin (TTX) (Figure 11.10). 7” 


Ultrastructural changes 


At an ultrastructural level, a common feature seen in 
neurogenic detrusor overactivity is the presence of pro- 
trusion junctions and ultraclose abutments between the 
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Figure 11.5 

Bizarre spontaneous contractile activity in strips of smooth 
muscle dissected from the bladders of pigs with an overactive 
bladder due to partial bladder outlet obstruction. Note the 
spontaneous large fused tetanic contraction, which can reach an 
amplitude larger than the response to transmural stimulation 
(not shown). (Reproduced from Turner with permission.)”° 


smooth muscle cells, features occurring only rarely in 
normal tissue.***° Again, development of these junctions 
has been seen in animal models. 


Significance of these changes 


The properties of the normal detrusor support the sugges- 
tion that the smooth muscle bundles are not as well cou- 
pled electrically as are most visceral smooth muscles. This 
is supported by the fact that spontaneous myogenic con- 
tractions only produce a fraction of the tension available 
on synchronous activation of the whole strip and by 
the lack of clearly defined gap junctions between the 
smooth muscle cells (for example see Daniel et al*’). 
Immunohistochemical studies do, however, demonstrate 
the presence of connexins (the gap-junction proteins) in 
the detrusor, and an increase in patients suffering from 
urge*** and electrophysiologic measurements in the 
guinea pig*>*’ show that individual cells within a bundle 
are electrically coupled to their neighbors, but that spread 
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Figure 11.6 

Concentration—contractile response curve to 10 s applications 
of carbachol to strips from normal human (right) and pig (left) 
bladders (continuous line curve) and bladders from patients and 
pigs with overactive bladders secondary to bladder outflow 
obstruction (dotted line curve). Note the increased sensitivity of 
the smooth muscle to the muscarinic agonist. (Stars indicate 
significant difference from control.) (Reproduced from Sibley. )'2 
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Concentration—contractile response curve to 10 s applications 
of carbachol to strips from normal human bladders 

(circles) and bladders from spina bifida patients with 
neurogenic overactive bladders (squares). Expressed as a 
percentage of the maximal response of each strip, strips from 
the overactive bladders are significantly more sensitive to 
muscarinic agonists. (Reproduced from German et al with 
permission.)'? 


of current between cells in the axial direction is poor, with 
current spread rarely occurring between pairs of cells sep- 
arated by more than 40 um in the axial direction. This 
poorly developed electrical coupling prevents synchronous 
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Figure 11.8 

Frequency—response curve to transmural nerve stimulation of 
strips from normal human bladders (circles) and bladders from 
patients with overactive bladders secondary to spina bifida 
(squares). Expressed as a percentage of the maximal response of 
each strip, there is no significant difference between the two 
curves, indicating that the sensitivity to stimulation is 
unchanged, although the absolute size of the response is smaller 
in strips from the overactive bladders. (Reproduced from 
German et al with permission.) 


activation of all the smooth muscles in the strip from 
spontaneous action potentials, and is likely to account for 
the small size of the spontaneous contractions. In the 
whole bladder, the great compliance of the bladder wall 
means that intravesical pressure will only rise when there 
is synchronous contraction of the majority of smooth 
muscle cells in the wall. The lack of good coupling means 
that in-vivo electrical activity will be able to control the 
length of individual cells without the risk of generating a 
rise in intravesical pressure. Synchronous activation of the 
muscle and a rise in intravesical pressure during micturi- 
tion requires coordinated activation of the smooth mus- 
cle, and is achieved through the dense parasympathetic 
innervation in which varicosities form close junctions 
with the great majority of the smooth muscle cells.*?** 
The changes that occur in the smooth muscle of the 
overactive bladders strongly suggest that the cells are 
better coupled by some means, so that spontaneous activ- 
ity will spread and initiate synchronous contractions in 
many more smooth muscle cells. This would account for 
the fused tetanic contractions seen in the overactive blad- 
der strips; the close abutments and protrusion junctions 
seen ultrastructurally may be the morphologic correlates 
of this connectivity, although the increase in interstitial 
cells may play a role (see below). In the whole bladder, the 
increased excitability of the smooth muscle combined 
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Log concentration—response curves (to 10 s carbachol) and 
frequency response curves of human bladder strips from normal 
(continuous line curve) bladders and bladders from patients with 
idiopathic detrusor overactivity (dotted line curve). 
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Frequency-response curves of strips from pig bladders to 
electrical field stimulation and the effects of tetrodotoxin (TTX) 
in normal pigs (squares) and those with overactive bladders 
secondary to previous overdistention (dots). Note the TTX- 
resistant contractions in the strips from overactive bladders. 
(Reproduced from Sethia with permission.) 7” 


with the greater connectivity results in the situation where 
a focus of electrical activity can spread to activate the 
whole detrusor and produce an overactive contraction. 
Such a focus of activity could arise myogenically or could 
be evoked by activation of a few motor nerves, which in 
the normal bladder would not elevate intravesical pres- 
sure. A myogenic origin of the spontaneous pressure rises 
seen in pigs with grossly overactive bladders is certainly 
suggested since they persist after section of the sacral 
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Figure 11.11 

Overactive pressure rises in a pig during artificial filling. This 
animal had been made overactive by a partial bladder outflow 
obstruction several months earlier. (a) The situation when the 
spinal roots are intact and (b) after section of the dorsal and 
ventral spinal roots L7—-S3. (Reproduced from Sethia with 
permission.)”” 


roots” (Figure 11.11), and can still occur in the presence 
of TTX” (Figure 11.12). 

Why should such changes occur in the smooth muscle of 
overactive bladders? Smooth muscle, along with most 
innervated tissues, is capable of altering its responses to 
changes in its pattern of activation. The types of change 
that are seen in the detrusor smooth muscle are reminis- 
cent of the changes due to experimental denervation.” It 
seems very likely that the changes in detrusor properties 
are caused by altered patterns of activation. This will be 
explored below. 


Changes in peripheral 
innervation and the 
micturition reflex 


Changes in the bladder wall 


Another common feature of overactive detrusor is a 
change in the macroscopic structure of the bladder wall. 
Regardless of the etiology of the condition, sections of the 
bladder wall from overactive human bladder frequently 
show patchy denervation of the muscle bundles. Some 
muscle bundles may be completely denervated, whereas 
neighboring ones appear normal (Figures 11.13 and 11.14) 
and in other areas sparser innervation is also 
seen. 116314041 A similar pattern is seen in animal models 
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Figure 11.12 

Urodynamic experiment in an anesthetized mini-pig. Upper 
trace, blood pressure; lower trace, intravesical pressure. The 
animal had an overactive bladder secondary to bladder outflow 
obstruction. At the dot, tetrodotoxin (TTX) was infused in an 
amount sufficient to prevent action potentials in the autonomic 
and somatic nerves. Note the rapid fall in blood pressure 
(removal of sympathetic tone), but persistence of bladder 
overactivity. Artificial ventilation was applied after TTX infusion, 
since respiration stopped. (Reproduced from Turner with 
permission.)”° 


(pigs, guinea pigs,” and rabbit”*), although interestingly 
not in the rat,’ where the postganglionic neurons are all in 
the pelvic ganglia and not in the bladder wall. The dener- 
vated and sparsely innervated areas of the bladder wall 
become infiltrated with connective tissue elements such as 
collagen and elastin (Figure 11.15), and in the com- 
pletely denervated areas in tissue from idiopathic and neu- 
ropathic overactive bladders, hypertrophy of the smooth 
muscle cells is seen. Between the smooth muscle bundles 
and under the urothelium, an increase in the number of 
cells showing immunohistochemical staining for the kit 
receptor is also seen in sections of human bladder from all 
types of bladder overactivity (Figure 11.16). This marker is 
located on interstitial cells and demonstrates that there is a 
large increase in their number. 


Changes in neuronal structure 


Animal experiments (carried out mainly in the rat) have 
demonstrated that procedures such as spinal section or 
urethral obstruction, as well as leading to the develop- 
ment of bladder instability, also lead to an increase in size 
of both the afferent neurons in the dorsal root ganglia 
(L6—-S1**) and the efferent neurons in the pelvic plexus 
(after obstruction**** and after spinal section“). We 
have seen a similar increase in the size of the neurons 
in bladder wall ganglia in the obstructed guinea pig 
(unpublished work). 
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Overactive idiopathic 


Figure 11.13 

Sections of human detrusor stained to show the presence of 
acetylcholinesterase on the axons of intramural nerves. Upper 
trace from a normal bladder: note uniform dense staining of the 
smooth muscle bundles. Lower trace from a patient with 
idiopathic instability (note the patchy denervation of the smooth 
muscle bundles). (Reproduced from Mills et al with 
permission.)'® 
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Figure 11.14 

Section of a human detrusor from a patient with an unstable 
bladder secondary to spina bifida. Note the exceptionally dense 
brown innervation of one muscle bundle adjacent to another 
completely denervated bundle. 
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Figure 11.15 Two adjacent sections of human detrusor 
from a spina bifida patient with an overactive bladder. Top 
panel stained with Masson’s trichrome (smooth muscle seen in 
pink); bottom panel stained for the presence of elastin. In these 
sections normal muscle bundles are present on the left, and on 
the right damaged bundles with less smooth muscle, and also 
denervation (not shown). Note the increased elastin distribution 
in the damaged bundles. 


Changes in the interstitial cells 


It has recently been suggested that interstitial cells in the 
bladder wall may play a role in interconnection of the 
smooth muscle cells and propagation of action potentials 
in the bladder wall (for references see Brading and 
McCloskey*). In overactive bladders, there is a large 
increase in their number,” as illustrated in Figure 11.16. 
Functional studies on the effects of the kit inhibitor Glivec 
suggest that these cells may play some role in the activity of 
the tissues, since Glivec reduces spontaneous activity, and 
is effective at lower concentrations in the overactive blad- 
der. However, overactive bladders frequently show an 
increase in the extracellular matrix surrounding the 
smooth muscle and it is possible the interstitial cells are 
responsible for secreting this. 
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Figure 11.16 

Sections from human bladder stained to show the presence of 
the kit receptor. Brownish red staining localizes the receptor 
and is presumably on interstitial cells. (a) Normal bladder. 

(b) Neurogenic unstable bladder. Note labeled cells are sparse 
around the bundles in normal tissue, but densely packed around 
the muscle bundles in the overactive tissue. Sections kindly 
provided by Philippa Cheetham. 


Changes in the micturition reflex 


Changes have also been seen in the micturition reflex in 
animals after recovery from spinal shock following spinal 
injury. Electrophysiologic measurements of the central 
delay in the micturition reflex show a shorter delay in ani- 
mals with spinal injury (for references see de Groat**) than 
in intact animals, suggesting that there has been reorgani- 
zation of the micturition pathway from a spinobulbo- 
spinal pathway to a purely spinal pathway. Also, activation 
of specific C-fiber afferents can trigger micturition in over- 
active bladders but not in normal bladders. This latter 
observation is thought to be true in humans, since in nor- 
mal humans the ice water test (instillation of the bladder 
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with cold water), which is thought to activate specific C 
fibers, does not trigger micturition, but does so in many 
patients with overactive bladders.*?*° In fact, intravesical 
administration of selective C-fiber neurotoxins such as 
capsaicin and resiniferatoxin is an effective treatment in 
many patients with neuropathic instability.>! 


Possible causes of these 
changes 


It seems inherently likely that the changes associated with 
the overactive bladder are the result of alterations in the 
activity in the neuronal pathways controling the detrusor. 
The sensory neurons are likely to encounter increased 
stimulation after outflow obstruction or inflammation of 
the urothelium, which could result in the hypertrophy of 
the dorsal root ganglion neurons and also of the auto- 
nomic ganglia, since presumably increased parasympa- 
thetic activation will result. The patchy denervation 
suggests that there has been death of some of the intrinsic 
neurons in the bladder wall. The most likely cause of this is 
bladder wall ischemia. The bladder has been shown to be 
susceptible to ischemia,'?°** since anything that raises 
intravesical pressure to more than 30-40 cmH,0O seriously 
compromises blood flow in the wall. Enhanced intravesical 
pressure and bladder wall ischemia could result from pro- 
static obstruction or, in cases of spinal injury, from detru- 
sor sphincter dyssynergia. In outflow obstruction where 
there is a significant hypertrophy of the wall, increased 
metabolic demands™ and reduced blood flow” can lead to 
significant periods of anoxia, which might result eventually 
in neuronal death (Figure 11.17). We have shown that 1 


Figure 11.17 

Urodynamic tracings from pigs. The top of 
each pair of tracings is the intravesical 
pressure, and the bottom trace is oxygen 
tension in the bladder wall, recorded with 
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an oxygen electrode. The traces show 
bladder filling and a micturition. The top 
traces are from a normal pig, and show a 
small rise in intravesical pressure during 
voiding, and an associated more 
prolonged reduction in oxygen tension. 
The bottom traces are from a pig with a 
bladder outflow obstruction. Note the 
increased and prolonged pressure rise 
during the void, and the drastic extended 
fall in oxygen tension, which does not 
return to baseline for about 14 min. 


(Reproduced from Greenland and Brading 
with permission.)*© 
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Caspase 3 immunoreactivity 


Figure 11.18 

Two adjacent sections from a guinea pig bladder that had been 
subjected to ischemic conditions. The top section localizes 
intramural ganglia which show acetylcholinesterase activity. In 
the bottom section the ganglia can be seen to react with 
antibodies to caspase 3, a pro-apoptotic marker. (Reproduced 
from Symes with permission; sections prepared by Lucia 
Esposito.) 


hour of bladder ischemia produced in anesthetized guinea 
pigs by occlusion of the terminal aorta, followed by 1 hour 
reperfusion, resulted in expression of apoptotic-associated 
markers in the ganglia in the bladder wall” (Figure 11.18). 

The changes in the reflex pathway that occur after spinal 
injury probably result from the loss of descending path- 
ways. This may trigger the production of growth factors 
and the resultant sprouting of axon terminals in surviving 
pathways to make new and abnormal connections; for 
instance, the C fibers may increase their connections to the 
interneurons or motor neurons in the segmental spinal 
parasympathetic pathways. The enhanced size of the effer- 
ent postganglionic neurons in obstructed bladders appears 
to be the result of the liberation of nerve growth factor 
(NGF) by the detrusor, since autoimmunization of 
rats against NGF reduces the neuronal hypertrophy.” 


Presumably, the stimulus for the production of NGF may 
be the increased work load of the obstructed bladder.” 


The problem of urgency 


Everyday experience would suggest that urgency is a sepa- 
rate sensation from that of bladder fullness. Animal experi- 
ments recording from afferent nerves during bladder filling 
and contraction***' have shown increased activity in a uni- 
modal population of small myelinated and unmyelinated 
(A6 and C) fibers in response to intravesical pressure and 
detrusor contraction, suggesting that there are in-series 
stretch receptors in the bladder wall whose activity corre- 
lates with the sensations of bladder filling and fullness. 
However, it seems unlikely that fibers with such properties 
mediate the sensation of urgency. Again, from everyday 
experience, urgent desire to void disappears as soon as mic- 
turition starts at a time when intravesical pressure and 
detrusor activity will both be high. Unfortunately, the rela- 
tionship between urgency and detrusor activity cannot be 
investigated in animals, since we cannot know what sensa- 
tions they perceive. In humans, however, it is clear from 
both normal and ambulatory cystometry that overactive 
pressure rises may occur without eliciting any apparent sen- 
sations. A sensible theory about urgency has been proposed 
by Coolsaet et al.°? They suggest that urgency is triggered by 
local distortions in the bladder wall, caused by activity in 
some muscle bundles but not others. Such a condition 
would arise in normal bladders if a small population of low- 
threshold postganglionic parasympathetic neurons were 
activated, e.g. towards the end of bladder filling. Because of 
relatively poor coupling between bundles, such diffuse 
activity would not cause a rise in intravesical pressure, but 
could activate a population of sensory nerve fibers that 
might specifically mediate the sensation of urgency and 
play a useful role in encouraging the initiation of normal 
micturition. In overactive bladders, however, such diffuse 
activation of some muscle bundles might spread because of 
the increased connectivity to give rise to the overactive pres- 
sure rises. An increase in the sensitivity of fibers mediating 
urgency may be responsible for the enhanced urgency seen 
in inflammatory conditions, interstitial cystitis, and other 
examples of sensory urgency. The role of the urothelium 
and its secretory products is of interest here, and the 
arrangement of the suburothelial nerve plexus and intersti- 
tial cells. The interactions between the various elements are 
currently the focus of intense research by several groups. 


Conclusions 


It is clear that we are still some way from really under- 
standing what causes bladder overactivity. However, there 
are sufficient clues from the observations and experimental 
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results described above to suggest that we are dealing with 
the consequences of altered patterns of activation of the 
nerves in the micturition pathways and the resultant effects 
of this on the smooth muscle in the detrusor. In cases of 
severe overactivity and urge incontinence, the process has 
probably been ongoing for years. Some factors such as 
detrusor-sphincter dyssynergia, outflow obstruction, or 
abnormal rises in intra-abdominal pressure have caused 
periodic bladder wall ischemia and this has reached a stage 
in which neurons in the bladder wall have actually died; the 
smooth muscle in the detrusor has then become able to 
generate synchronous contractions and these result in the 
overactive pressure rises seen. What precise mechanism 
triggers these overactive contractions is not yet clear, 
although it is likely that premature activation through 
some local or supraspinal pathway of the remaining 
parasympathetic ganglia is usually involved. 

It may be that the most likely scenario for urge inconti- 
nence which is associated with overactive contractions is as 
follows: activity in some muscle bundles generated either 
by stretch or by diffuse activity in parasympathetic fibers 
causes local distortions of the bladder wall; this both acti- 
vates the sensation of urgency and spreads to cause syn- 
chronous activation of the bladder wall, resulting in an 
overactive pressure rise. The sequence of events recorded 
should be urgency occurring first, followed almost imme- 
diately by an overactive contraction. What happens after 
this may vary. If the contraction is large enough to over- 
come the outflow resistance, leakage will occur. This could, 
in its turn, activate receptors in the urethra and trigger 
secondary changes (transient opening of the bladder neck, 
etc.), but often the pressure and sensation of urgency will 
subside. Synchronous detrusor contraction will itself 
reduce the sensation of urgency and the bladder pressure 
may return to normal. Activation of the detrusor smooth 
muscle, unless supported by continuous neural input, is 
self-limiting, since the muscles possess calcium-activated 
potassium channels which ensure that the membrane 
hyperpolarizes and spontaneous action potentials will be 
switched off transiently.°? Normally, urge incontinence 
does not result in complete bladder emptying, but if there 
is a well-developed segmental spinal micturition reflex 
and loss of any descending control, activation of the 
pressure/stretch receptors may reinforce the activity and 
produce bladder emptying. 
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Pathophysiology of detrusor 
underactivity/acontractile detrusor 


Dae Kyung Kim and Michael B Chancellor 


Introduction 


According to the standardization of terminology from the 
International Continence Society, detrusor underactivity 
(DU) is urodynamically defined as a contraction of 
reduced strength and/or duration, resulting in prolonged 
bladder emptying and/or a failure to achieve complete 
bladder emptying within a normal time span. Acontractile 
detrusor (AD) is one that cannot be demonstrated to con- 
tract during urodynamic studies. DU or AD (DU/AD) can 
be developed from various kinds of conditions, when affer- 
ent and/or efferent pathways innervating the bladder are 
mainly damaged. Various myogenic factors in detrusor 
muscles also cause AD as well as DU. 


The mechanism of 
micturition reflexes 


Pelvic afferent pathways 


Efferent outflow to the lower urinary tract can be activated 
reflexively by spinal afferent pathways as well as by input 
from the brain. Afferent input from the pelvic visceral 
organs and somatic afferent pathways from the perineal 
muscle and skin are very important.” Somatic afferent 
pathways in the pudendal nerves, which transmit noxious 
or non-noxious information from the genital organs, 
urethra, prostate, vagina, anal canal, and skin, can modu- 
late voiding function.’ 

Bladder afferent nerves are critical for sending signals of 
bladder fullness and discomfort to the brain and for initi- 
ating the micturition reflex. The bladder afferent pathways 
are composed of two types of axons: large/medium diame- 
ter myelinated Ad fibers and unmyelinated C fibers. Ad 
fibers transmit signals mainly from mechanoreceptors that 
detect bladder fullness or wall tension. C fibers, on the 
other hand, mainly detect noxious signals and initiate 
painful sensations. The bladder C fiber nociceptors 


perform a similar function and signal the central nervous 
system when we have an infection or irritative condition in 
the bladder. 

C fiber bladder afferents also have reflex functions to 
facilitate or trigger voiding.” This can be viewed as a 
defense mechanism to eliminate irritants or bacteria from 
the body. C fiber bladder afferents have been implicated in 
the triggering of reflex bladder overactivity associated 
with neurologic disorders such as spinal cord injury and 
multiple sclerosis. 


Micturition reflexes 


Normal micturition is completely dependent on neural 
pathways in the central nervous system. These pathways 
perform three major functions: amplification, coordination, 
and timing.’ The nervous control of the lower urinary tract 
must be able to amplify weak smooth muscle activity to 
provide sustained increases in intravesical pressure suffi- 
cient to empty the bladder. The bladder and urethral 
sphincter function must be coordinated to allow the 
sphincter to open during micturition but to be closed at all 
other times. Timing represents the voluntary control of 
voiding in the normal adult and the ability to initiate void- 
ing over a wide range of bladder volumes (Figure 12.1). 

In this regard, the bladder is a unique visceral organ, which 
exhibits predominantly voluntary rather than involuntary 
(autonomic) neural regulation. A number of important reflex 
mechanisms contribute to the storage or elimination of urine 
and modulate the voluntary control of micturition.’ 


Guarding reflexes (guarding 
against stress urinary 
incontinence) 


There is an important bladder to urethral reflex that is medi- 
ated by sympathetic efferent pathways to the urethra. This is 
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Sympathetic 
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— Afferent --- Efferent 


Figure 12.1 

Micturition requires positive feedback to ensure complete 
bladder emptying. As the bladder fills, myelinated Ad tension 
receptors are activated. This afferent signal must reach the 
pontine micturition center with subsequent activation of 
parasympathetic efferent outflow. 


an excitatory reflex that contracts the urethral smooth mus- 
cle and thus is called a guarding reflex.!*'' The positive reflex 
is not activated during micturition but when bladder pres- 
sure is increased such as during a cough or exercise. A second 
guarding reflex is triggered by the bladder afferents, which 
synapse with sacral interneurons that in turn activate urethral 
external sphincter efferent neurons that send axons into the 
pudendal nerves.” The activation of pudendal urethral effer- 
ent pathways contracts the external urinary sphincter, and 
prevents stress urinary incontinence (Figure 12.2). The brain 
inhibits the guarding reflexes during micturition. 


Conditions or diseases 
developing DU/AD 


DU/AD is usually observed when the following mecha- 
nisms are damaged:!* 


e bladder peripheral afferent pathways 
e bladder peripheral efferent pathways 


Brain 


T 


Bladder afferent (+) 


/\ y 


ee a (+) 
(+) D Somatic efferent 


Figure 12.2 

The guarding reflex prevents urinary incontinence. When there is 
a sudden increase in intravesical pressure, such as cough, the 
urinary sphincter contracts via the spinal guarding reflex to 
prevent urinary incontinence. The spinal guarding reflex can be 
turned off by the brain to urinate. 


e lumbosacral spinal cord (micturition center) 
e myogenic failure. 


These four factors are often mixed in the condition of 
DU/AD. In this section, we discuss several kinds of diseases 
that develop DU/AD, including the pathogenesis, urody- 
namic findings, and treatments. Future treatment strate- 
gies are also presented. 


Diabetes mellitus (diabetic 
cystopathy) 


Bladder dysfunction associated with the complication of 
diabetes mellitus (DM), classically called diabetic cystopa- 
thy, has been described as impaired sensation of bladder 
fullness, increased bladder capacity, reduced bladder con- 
tractility, and increased residual urine.'*"'° 

However, these classic symptoms are not always 
observed in diabetic patients and symptom presentations 
are quite variable. Moreover, common concomitant 
diseases such as urinary tract infection, benign prostatic 
hyperplasia, and stress urinary incontinence may obscure 
underlying diabetic cystopathy. Therefore, it is important 
to discern the major factor from the complex presentation 
of symptoms in an individual patient. It has also been 
reported that diabetic cystopathy can occur silently and 
early in the course of diabetes.” In such cases, it is not 
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rare for bladder dysfunction induced by diabetes not to 
be found without careful questions and/or urodynamic 
testing. 

The sex and age of patients are not the factors related to 
prevalence, whereas the duration of diabetes is bound up 
with the prevalence rate of diabetic cystopathy.'” 


Pathogenesis of diabetic cystopathy 


Pathophysiology of diabetic cystopathy has multifocal 
aspects. Traditionally, diabetic cystopathy was thought to 
result from polyneuropathy that predominantly affects 
sensory and autonomic nerve fibers.'*'? Some of the pro- 
posed pathogenesis includes altered metabolism of glu- 
cose, ischemia, superoxide-induced free radical formation, 
impaired axonal transport, and metabolic derangement of 
the Schwann cells.?°?! In addition to neuronal changes, 
many recent studies suggest that diabetic cystopathy can 
result from an alteration in the physiology of the detrusor 
smooth muscle cell, or urothelial dysfunction.” 

Detrusor smooth muscle function has shown altered 
physiology in streptozotocin (STZ)- or alloxan-induced 
DM animal models. Major physiologic alterations are 
changes in sensitivity and contractile forces. Although 
there is some controversy on the responsiveness to mus- 
carinic agonists, most agree on the increased responsive- 
ness of DM bladder strip to electrical field stimulation.”*”? 
These changes are suggested to reflect increased calcium 
channel activity and enhanced calcium sensitivity.” 
Myocytes from DM rats have also shown increased depo- 
larization to externally applied acetylcholine and decreased 
spontaneous activity, presumably related to altered 
purinergic transmission.* Changolkar et al” reported that 
diabetes induced a decrease in detrusor smooth muscle 
contractility and an increase in oxidative stress factors, an 
increase in lipid peroxidase/sorbitol, and concomitant 
overexpression of the aldose reductase/polyol pathway 
activation. The same group also reported increased expres- 
sion of thin filament proteins, calponin, tropomyosin, and 
caldesmon, in DM rabbit bladder, which might alter the 
contractile and cytoskeletal structure.” 

The changes in tissue neurotrophic factors such as nerve 
growth factor (NGF) have been focused on as a convincing 
pathogenesis of diabetic neuropathy.’”-** In STZ-DM 
rats, the decrease in tissue NGF levels in the bladder and 
bladder afferent pathways is associated with diabetic 
cystopathy.** Changes in another neurotrophic factor, neu- 
rotrophin-3 (NT-3), have also been reported.***° It is 
promising for future treatment strategies that the changes 
in tissue neurotrophic factor could play a critical role in 
inducing diabetic cystopathy. 

Studies have shown that the urothelium is not a passive 
barrier but rather it can take an active role in bladder 
physiology.” The urothelium can release many mediators 


including ATP, NO, and prostanoid.*”** Pinna et al’? 
reported that, in isolated urothelial layer preparations from 
STZ-DM rats, levels of endogenous prostaglandins E2 and 
F2o were higher than in preparations from normal rats. 
ATP and bradykinin significantly increased the endoge- 
nous release of prostaglandins E2 and F2a from the 
urothelium when compared with the basal release level. 
This time-dependent increase was higher in diabetic tissues 
than in controls. Prostaglandins may have a role in the 
sensitization of sensory nerves and may increase the 
sensitivity of DM bladder to contractile stimuli. 

The formation of nitric oxide synthase (NOS) and 
reactive nitrogen species also change during DM-related 
bladder remodeling. Poladia and Bauer“ reported that 
endothelial NOS is significantly upregulated in the lamina 
propria, neuronal NOS is upregulated in the urothelium, 
lamina propria, and smooth muscle, while inducible NOS 
is upregulated only in the urothelium. They suggested that 
impaired NO control is an early event leading to increased 
oxidative stress and proteasomal activation in the patho- 
genesis of diabetic cystopathy. 


Urodynamic testing on diabetic 
cystopathy 


In most typical cases with diabetic cystopathy, cystometry 
shows a long curve with lack of sensation, often until blad- 
der capacity is reached, with a low detrusor pressure.'°4)? 
However, it has been reported that this classical type of 
underactive diabetic cystopathy is sometimes modified by 
concomitant lesions such as bladder outlet obstruction 
(BOO) or a history of cerebrovascular disease. For exam- 
ple, previous studies have reported a high incidence of 
detrusor overactivity (DO), of up to 50-60%, when blad- 
der function was examined in a selected population of dia- 
betic patients presenting with positive lower urinary tract 
symptoms or with a history of stroke.**4 BOO should also 
be considered as a differential diagnosis for DO in diabetic 
patients.“ BOO is documented by measuring a high or 
normal pressure in the presence of an impaired urinary 
flow rate. Some patients with both diabetic cystopathy and 
BOO exhibit DO and elevated detrusor pressure during 
low-flow voiding. 

However, despite reports of a relatively high incidence of 
DO in symptomatic diabetic patients,’ one should be 
aware that autonomic and sensory neuropathy with dimin- 
ished bladder sensation and bladder contractility is the 
predominant urologic manifestation of diabetic cystopathy 
when unselected diabetic patients are examined'*'® 
(Figures 12.3 and 12.4). 

Electromyography (EMG) is usually normal but some- 
times exhibits sphincter denervation and uninhibited 
sphincter relaxation. Uroflowmetry shows low peak flow 
and prolonged duration of flow associated with increased 
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Figure 12.3 
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residual urine. Urethral pressure profiles have not been 
well studied or validated in diabetic cystopathy.'®** 


Treatment of diabetic cystopathy 


The first and most important step in the management 
of diabetes is to control the blood glucose level. 
Hyperglycemia has been proved to be related to neuropa- 
thy and other complications of diabetes. However, the con- 
trol of blood glucose level does not mean the prevention of 
diabetic cystopathy.'” Other preventive general manage- 
ment techniques include hypertension and hyperlipidemia 
control and education on non-smoking. 

The main goal in treatment for diabetic cystopathy is 
basically to avoid overdistention of the bladder and to 
decrease residual urine. Since diabetic cystopathy usually 
has an insidious onset, scheduled voiding should be rec- 
ommended to all diabetic patients regardless of symptom 
presence. If needed, double or triple voiding may also 
be recommended.*® Manual compression of the lower 
abdomen (Credé’s maneuver) or abdominal straining 
(Valsalva maneuver) may be helpful to decrease residual 
urine in selected patients. However, these maneuvers are 
contraindicated in the presence of increased intravesical 
pressure, vagal reflux, and vesico-ureteral reflux. Alpha- 
blockers have some benefit in diabetic cystopathy con- 
comitant with BOO. Cholinergic receptor agonists such as 
bethanechol chloride or urecholine have been used with 
inconsistent results in diabetic cystopathy.*” 


Acontractile detrusor in a 62-year-old 
insulin-dependent diabetic woman. 
The patient is on intermittent 
catheterization approximately 4 times 
per 24 hours. P,e, intravesical 
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Figure 12.4 

Straining uroflowmetry of the diabetic woman in Figure 12.3. 
The patient complained of a sensation of incomplete emptying 
postmicturition, occasional incontinence, and straining to 
urinate. Although her maximum flow rate (Qmax) is normal 
(29.1 ml/s), the voiding pattern is classic for Valsalva voiding 
without true detrusor contractility. 


Loss of bladder sensation is irreversible in diabetes and 
long-term follow-up is necessary. In addition, many 
patients with diabetic cystopathy may delay seeking uro- 
logic evaluation because of the insidious development of 
diabetic cystopathy that induces diminished sensation and 
increased bladder capacity. Thus, careful surveillance for 
voiding symptoms and screening for elevated residual 
urine, including urodynamic studies, should be done 
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regularly to prevent long-term complications secondary to 
diabetic cystopathy. 


Future treatment strategies 


Conservative treatments for diabetic cystopathy are limited 
and cannot restore bladder function, as mentioned previ- 
ously. Recently, new treatment approaches for diabetic 
polyneuropathy, including diabetic cystopathy, have been 
reported in both the basic and clinical fields. Following the 
efficacy of nerve growth factor (NGF) treatment in basic 
studies,“ the efficacy of NGF treatment in the clinical 
field has been reported.” 

The feasibility of gene therapy using replication-defi- 
cient herpes simplex virus (HSV) encoding rhNGF genes 
has been reported. Four weeks after HSV—rhNGF injection 
into the STZ-DM rat bladder, a significant increase of NGF 
levels in the bladder and the L6 dorsal root ganglion 
(DRG) was detected. DM rats on HSV-NGEF gene therapy 
also had a smaller bladder capacity and less residual urine 
than untreated DM rats.**°° Studies using neurotrophic 
factors other than NGF, such as glial cell line-derived neu- 
rotrophic factor (GDNF) or neurotrophin-3 (NT-3), have 
also demonstrated significant efficacy in restoring nerve 
function in diabetic animals.*°” 

Thus, in the future, neurotrophic factors or other 
growth factors combined with targeted gene therapy tech- 
niques may be beneficial for the therapy of patients with 
diabetic cystopathy. 


Conclusions 


Diabetic cystopathy, which is characterized by loss of blad- 
der sensation and DU/AD, is common and can develop 
insidiously. Tests, including urodynamic studies in the 
early stages of diabetes, are needed. Exciting new 
approaches to the treatment of diabetic cystopathy are 
being investigated. 


Injury to the spinal cord, 
cauda equina, and pelvic 
plexus 


Any injury to the spinal cord, such as blunt, degenerative, 
developmental, vascular, infectious, traumatic, and idio- 
pathic injury, can cause voiding dysfunction. In this section 
we will discuss the urodynamic manifestations of some 
common spinal and cauda equina neurologic processes. 
Injury to the cauda equina or peripheral sacral nerves 
can have a devastating effect on bladder and urethral 
sphincter function. The resulting urinary dysfunction can 
be a major cause of morbidity in these cases. Lumbosacral 


spinal cord injury and herniated intervertebral disc are the 
two most common etiologic factors.**°? Other etiologic 
causes include lumbar spinal stenosis, myelodysplasia, 
spinal arachnoiditis, arteriovenous malformation, and 
primary or metastatic tumors of the lumbar spine. It is also 
a rare complication of regional anesthesia. 

Injury to the pelvic plexus is not common. It is usually 
iatrogenic, most often occurring after major abdominal and 
pelvic surgery such as abdominoperineal resection or radi- 
cal hysterectomy. Sometimes the problem may result from a 
pelvic fracture, or the trauma may be intentional (e.g. trans- 
vesical phenol injection) to abolish neurogenic DO in 
patients who have failed standard treatment regimens. 


Neuroanatomy and pathophysiology 


Although it is well established that the pelvic plexus is 
derived from the ventral rami of S2—4 nerves,°** there is 
contradictory information on sacral nerve connections 
and collateralization.***! The precise branching and inter- 
connections among the sacral plexus are important 
because of increasing interest in dorsal rhizotomy and 
functional electrical stimulation for bladder control. 

The pelvic plexus lies deep in the pelvis, oriented in a 
parasagittal plane alongside the rectum. On most occa- 
sions, injury to this structure is iatrogenically induced fol- 
lowing major pelvic ablative surgery. A malignant process 
involving the pelvis or invasive rectal neoplasms in the lat- 
eral and posterior or rectal wall may infiltrate the adjacent 
pararectal autonomic nerves, thus causing pelvic plexus 
injury. 

Marani et al*! reported the surgical dissection of the 
cauda equina and pelvic plexus of 10 human cadavers (5 
males and 5 females). In 9 (4 males and 5 females) a branch 
connecting the ventral rami of the second and third sacral 
spinal nerves was found. Electron microscopy demon- 
strated the presence of thick myelinated fibers in this 
branch. This may contribute to the interaction between 
detrusor and sphincter contractions. The branches con- 
tributing to the pelvic plexus have individual and intersex- 
ual differences. It is important to be aware of the wide range 
of branches when decisions have to be made concerning the 
strategy of neurostimulation or dorsal rhizotomy. 

Voiding dysfunction after major pelvic surgery is usually 
caused by intraoperative injury to pelvic, hypogastric, and 
pudendal nerves.*+° The neuroanatomic basis for the den- 
ervation of the bladder has been described on the basis of 
detailed anatomic dissections.®° Direct damage to the 
parasympathetic nerves and the posterior part of the pelvic 
plexus may occur during dissection on the anterolateral 
aspect of the lower rectum. In addition, traction injury 
may occur during mobilization of the lower rectum due to 
the relationship of the pelvic nerves with the fascial capsule 
investing the rectum.°” 
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During hysterectomy, the main factor producing bladder 
denervation appears to be extensive dissection inferolateral 
to the cervix. Damage to the sympathetics in the 
hypogastric plexus may occur at the pelvic brim medial to 
the ureters and also in the region lateral to the rectum. 
Extensive dissection in the vicinity of the cardinal 
ligaments at the time of radical hysterectomy may also 
produce sympathetic denervation.“ 

During the perineal portion of an abdominoperineal 
resection at the time of mobilization of the anus, injury to 
the pudendal nerve may occur. It is therefore apparent that 
varying degrees of damage to parasympathetic, sympa- 
thetic, and somatic nerves may occur, which can range 
from neural traction injury, to incomplete or complete 
nerve ablation. 


Pelvic surgery 


The incidence of vesico-ureteral dysfunction has been 
reported to be 20-68% of patients after abdominal 
perineal resection, 16-80% after radical hysterectomy, 10- 
20% after proctocolectomy, and 20-25% after anterior 
resection.°°,°7-79 However, the true incidence of lower 
urinary tract dysfunction after pelvic plexus injury is still 
unknown, mainly because it is very difficult to make 
prospective studies with pre- and postoperative neurouro- 
logic evaluation of the patients. Three additional factors 
make the issue more complex. Firstly, most patients in the 
age group requiring treatment for abdominal or pelvic 
malignancy may have pre-existing BOO or another pathol- 
ogy responsible for the functional derangement of the 
lower urinary tract. Secondly, in a significant percentage of 
patients, recovery of bladder function may occur as time 
goes on. Up to 80% of the patients with bladder dysfunc- 
tion resulting from major pelvic surgery will resume nor- 
mal voiding within 6 months from the procedure. Lastly, in 
most early series the technical means for a comprehensive 
urodynamic evaluation were not available at that time. 

Regarding the complexity of neural injuries in these 
cases, which can involve parasympathetic, sympathetic, as 
well as somatic nerve fibers, it is evident that only modern 
urodynamic techniques can provide the exact information 
on the nature and the extent of an individual case. 


Pelvic and sacral fractures 


Pelvic trauma can result in cauda equina and pelvic plexus 
injury. The frequency of neurologic injury after pelvic frac- 
tures is estimated at between 0.75 and 11%.’!-7? Autopsy 
findings and clinical studies have shown that neurologic 
injury accompanying sacral fractures occurs either intradu- 
rally or extradurally within the sacral canal. Sacral fractures 
are associated with pelvic fractures in 90% of the cases.”™7? 


Approximately 25% of sacral fractures will result in perma- 
nent neurologic deficit.”“’> Transverse fractures are most 
closely correlated with neurologic injury. Approximately 
two-thirds of these patients will have neurogenic bladder.”° 

Because most of the injuries are incomplete, the major- 
ity of patients with neuro-urologic injury after pelvic and 
sacral fractures will notice improvement with time. 
However, delayed neurologic deficits may occur after sacral 
fracture as a late complication.” These delayed deficits 
result from various causes: scarring, hematoma formation 
at the fracture site, and untreated spinal instability. 


Herniated disc 


Some reports indicate that the incidence of voiding dys- 
function as a result of disc prolapse may approach 20% of 
patients.’”°° Since the data demonstrated that detrusor 
recovery was rare after treatment once patients showed 
bladder dysfunction following lumbar disc prolapse, cauda 
equina syndrome from lumbar disc herniation might be a 
diagnostic and surgical emergency.**? 


Lesions of the pudendal nerve 


The pudendal nerve arises from anterior primary rami of 
S2-4, leaves the pelvis through the greater sciatic foramen 
below the piriformis muscle, and passes forward into the 
ischiorectal fossa. The nerve is occasionally injured in frac- 
tures of the pelvis. Damage produces sensory loss in the 
perineum and scrotum on the side of the lesion. Bilateral 
lesions produce bladder disturbances, with urinary reten- 
tion and overflow incontinence. 


Clinical findings 


Patients with known or suspected neurologic injury due to 
pelvic or sacral injury should have a careful physical exam- 
ination. The integrity of the sacral dermatomes is tested by 
assessing perianal sensation, anal sphincter tone, and the 
bulbocavernosus reflex. 

The type of the resulting functional disturbance will 
depend on the nature and extent of nerve injury. 
Parasympathetic denervation causes AD, whereas sympa- 
thetic damage will produce loss of proximal urethral pres- 
sure as a result of the compromised alpha-mediated 
innervations to the smooth muscle fibers of the bladder 
neck and urethra.***4 

Many patients complain of straining to urinate, inconti- 
nence, and a sensation of incomplete emptying. The uri- 
nary stream may be diminished and interrupted, as many 
of these patients rely on abdominal straining to urinate. 
On occasions, symptoms of voiding dysfunction can be the 
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only initial clinical manifestation of a cauda equina 
lesion. The varied and mixed symptomatologies empha- 
size the need for a complete neuro-urologic evaluation. 

The physical examination may reveal a distended blad- 
der, but the most characteristic features are elicited on 
a careful neurologic examination. Sensory loss in the 
perineum or perianal area is associated with S2—4 der- 
matomes. The extent of perineal anesthesia can be a useful 
predictive clinical index in patients with lumbar disc pro- 
lapse. If ‘saddle’ anesthesia of the S2-4 dermatomes con- 
tinues after surgical laminectomy and decompression, the 
urinary bladder rarely recovers. On the contrary, a unilat- 
eral or mild sensory disturbance indicates a better progno- 
sis. Deep tendon reflexes in the lower extremities, clonus, 
and plantar responses, as well as the bulbocavernosus 
reflex, should be routinely evaluated. 

In a series of patients with cauda equina injury of various 
etiologies, the bulbocavernosus reflex was absent or signifi- 
cantly diminished in 84% of the cases, whereas the perineal 
sensation and muscle stretch reflexes were compromised in 
77% of the patients.” In addition, it was noted that absence 
of the reflex correlated well with perineal floor denervation.*” 

It is of interest that parasympathetic denervation itself 
may actually increase adrenergic activity by unmasking 
already existing alpha-receptors or inducing alpha-recep- 
tors. It has been demonstrated by histochemical fluores- 
cence studies that the adrenergic nerve terminals of 
denervated human detrusors were thicker and denser than 
those of neurologically normal detrusors. A complete 
injury of both pelvic plexuses disrupts the nerve supply to 
the bladder and the urethra, but most injuries are incom- 
plete. Since most ganglia lie close to or within the bladder 
wall and large numbers of postganglionic neurons remain 
intact, any denervation is followed by reinnervation,** so 
that some residual lower tract activity remains. Sensation 
may be preserved, but, if it is lost, the resultant symptoms 
are usually urinary retention and overflow incontinence. 

Peripheral sympathetic injury results in an open, non- 
functional bladder neck and proximal urethra. Although 
this could occur as an isolated injury, it typically occurs in 
association with partial detrusor denervation, but with 
preservation of sphincter function.** The combination of 
decreased compliance, open bladder neck, and fixed exter- 
nal sphincter resistance results in the paradoxic sympto- 
matology of both leaking across the distal sphincter and 
the inability to empty the bladder. Under these circum- 
stances, the optimal management is a combination of anti- 
cholinergics and intermittent catheterization. 


Urodynamic findings 


The typical cystometrogram (CMG) finding of cauda 
equina injury is loss of detrusor contraction.®”° On the 
uroflowmetry, an abdominal straining saw-tooth pattern is 


generally seen when the patients claim they can urinate. 
Urodynamic abnormalities may be the only aberration doc- 
umented without other overt neurologic manifestations in 
some patients with cauda equina injury. On herniated disc, 
which is not induced by trauma or acute conditions, the pro- 
trusion is usually slow and progressive. In these cases, it may 
result in nerve irritation and consequently detrusor DO.” 

Sphincter denervation — as documented on EMG by a 
decreased interference pattern, fibrillation, positive sharp 
waves, and polyphasic potentials — has also been 
reported.”° This observation can be attributed to the dif- 
ferent location of the detrusor and pudendal motor nuclei 
within the sacral cord,” as well as to the fact that the 
dominant segment of the pelvic nerve usually arises one 
segment higher than that of the pudendal nerve.”! 

The predominant CMG/EMG pattern is AD associated 
with sphincter neuropathy. Bladder sensation, however, is 
preserved in a significant number of patients because there 
are numerous exteroceptive sensory nerves in the bladder 
trigone and bladder neck entering the thoracolumbar 
spinal segments, thus bypassing the sacral cord.” 

The integrity of the sacral reflex may be further studied 
with the evaluation of the latency time of the sacral evoked 
potentials by stimulating the penile skin and recording the 
response with a needle electrode in the bulbocavernosus 
muscle.°**? In patients with complete cauda equina lesions, 
the sacral evoked response is either absent or significantly 
prolonged,” and this represents a more sensitive indicator 
of neuropathy than the classic EMG changes. 

Rockswold and Bradley” reported the use of evoked EMG 
responses in diagnosing lesions of the cauda equina in 110 
patients and correlated the results with clinical myelographic 
and operative findings. Absent evoked EMG responses were 
consistently correlated with urinary retention. Delayed 
evoked EMG responses were less consistently associated with 
urinary retention and lesions along this reflex pathway. 
However, normal responses do not exclude significant 
pathology of the cauda equina. Four patients with normal 
preoperative evoked EMG responses had arachnoiditis, a 
congenital lipoma, or a myelomeningocele at the time of the 
operation. Therefore, the technique cannot be considered in 
isolation. The technique does provide information regarding 
lesions involving the sacral nerves distal to the dural sac that 
were not accessible to myelography. Routine magnetic reso- 
nance imaging (MRI) was not available at that study. In con- 
clusion, the major urodynamic features in patients with 
cauda equina injury are an absent or diminished bulbocav- 
ernosus reflex, AD, neuropathic changes on perineal floor 
EMG, and absent evoked EMG responses. 


Treatment 


Individualization of treatment is necessary according to 
the underlying abnormality. Indwelling or intermittent 


Pathophysiology of detrusor underactivity/acontractile detrusor 189 


catheterization should be instituted in the postoperative 
period. Urodynamic evaluation should be performed after 
a few weeks. It is better to perform a urodynamic study 
after the patients have had a chance to recover from the 
major pelvic injury. If the bladder is acontractile, clean 
intermittent self-catheterization is recommended. If blad- 
der compliance diminishes or DO develops, anticholiner- 
gics should be started in order to prevent upper tract 
damage.°**# 

If the DO or poor filling compliance is unresponsive to 
aggressive anticholinergic trials, bladder augmentation 
using a detubularized bowel segment may be used. 
Prostatectomy in a man who develops urinary retention 
immediately after a major pelvic operation must be 
avoided. Not only does resection of the prostate not help a 
man to urinate, it may also result in stress urinary inconti- 
nence when there is underlying denervation of the external 
sphincter.” Even when there is clearly documented benign 
prostatic hyperplasia (BPH) prior to cauda equina surgery 
or injury, resection of the internal sphincter, the bladder 
neck, in light of a denervated external sphincter, can render 
the unhappy patient who has a bladder that does not work 
worse, because now not only can he not void but he is also 
completely incontinent and wearing an adult diaper. It is 
medically unsound to perform a prostatectomy without 
careful urodynamic testing in this scenario. 

The most commonly used pharmacologic agent in the 
treatment of AD is the cholinergic agent bethanechol chlo- 
ride. Although the drug increases intravesical pressure, it 
has not been shown beneficial in promoting adequate 
bladder emptying.”®”’ In fact, there are no single prospec- 
tive randomized studies that demonstrate any clinical effi- 
cacy of bethanechol chloride in AD. Bethanechol chloride 
is especially contraindicated in patients with AD and BOO 
such as BPH, urethral stricture, or sphincter dyssynergia. 
In this scenario, increasing intravesical pressure with the 
existing increased outlet resistance may hasten vesico- 
ureteral reflux, urinary sepsis, and renal damage. Similarly, 
the performance of Credé’s maneuver for AD may trigger a 
reflex contraction of the perineal floor, thus increasing 
bladder outlet resistance, a phenomenon that can also 
impede renal function. An adequate Credé’s maneuver or 
abdominal straining voiding is only effective when both 
smooth and skeletal muscle resistance are significantly 
reduced. This is feasible in some women but rarely effective 
or safe in men. Finally, external stimulation with 
implantable electrodes has met with many problems, 
making its routine use impractical. 

Stress urinary incontinence secondary to pelvic floor 
denervation may be difficult to manage. In men, the appli- 
cation of an external condom-type collecting device is the 
most common solution. In women, however, no external 
urinary collection device has ever proven effective. Many 
women choose an indwelling Foley catheter, but this is 


associated with bladder irritation, chronic bacterial 
colonization, destruction of the sphincter mechanism, 
and even squamous cell carcinoma of the bladder with 
prolonged indwelling bladder catheterization. 

Treatment options for the destroyed urethral sphincter 
require major reconstructive urologic surgery such as the 
artificial urinary sphincter implantation, pubovaginal sling 
procedures, or supravesical urinary diversion such as the 
ileocystostomy, bladder chimney procedure. Finally, in 
patients with detrusor and perineal floor denervation but 
preservation of urethral smooth muscle function, the com- 
bination of bladder augmentation with a continent stoma 
and intermittent catheterization provides a reasonable 
therapeutic alternative. 


Conclusions 


Neuro-urologic dysfunction secondary to injury to the 
cauda equina and pelvic plexus can result in devastating 
urologic dysfunction, the loss of volitional micturition, 
and the risk of upper tract damage. Fortunately, most of 
the initial bladder and urethral dysfunction will recover 
within 6-12 months unless the injury is severe and 
bilateral. Conservative bladder management such as clean 
intermittent self-catheterization guided by urodynamic 
evaluation is the preferred management. Permanent 
solutions should be deferred until after the recovery or 
stabilization of the general neurologic status. 


Infectious neurologic 
problems 


Acquired immune deficiency 
syndrome 


The acquired immune deficiency syndrome (AIDS) is 
caused by human immunodeficiency virus (HIV) and 
commonly associated with neurologic dysfunction. 
Neurologic involvement occurs in as many as 40% of 
patients with AIDS.” It involves both central and periph- 
eral nervous systems, causing various neurologic manifes- 
tations: HIV dementia, encephalopathy, myelopathy, and 
peripheral neuropathy. Voiding symptoms are very com- 
mon in AIDS patients, especially at the late stages of the 
disease or when associated with neurologic manifestations. 

Urodynamic evaluation in a series of 18 AIDS patients 
with voiding symptoms revealed neurogenic bladder in 11 
patients.” Urinary retention was the most common pre- 
senting symptom, and was seen in 6 of the 11 patients 
(55%). Urodynamic study revealed AD in 36%, DO in 
27%, and BOO in 18%. The remaining 19% had normal 
urodynamic findings. 
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Neurosyphilis (tabes dorsalis) 


Neurosyphilis has long been recognized as a cause of cen- 
tral and peripheral nerve abnormalities. Voiding dysfunc- 
tion related to neurosyphilis was common in the era before 
penicillin use. 

Hattori and associates!” reported decreased bladder 
sensation in tabes dorsalis. Six of 8 patients had increased 
bladder capacity at first desire to void and 3 also had 
an increased maximum cystometric capacity. The most 
common urodynamic finding in neurosyphilis is AD. 
Sphincteric EMG activity is generally normal, as the 
corticospinal tracts are not involved in the disorder.'”! 


Herpes zoster and herpes simplex 


Herpes zoster is an acute, painful mononeuropathy associ- 
ated with a vesicular eruption in the distribution of the 
affected nerve. The viral activity is predominantly located 
in the dorsal root ganglia or sensory ganglia of the cranial 
nerves. However, sacral nerve involvement may be associ- 
ated with loss of bladder and anal sphincter control.’” 

When viral invasion of the lumbosacral dorsal roots 
occurs there may be visible skin vesicles along the corre- 
sponding dermatome, and cystoscopy may reveal a similar 
grouping of vesicles in the urethral and bladder mucosa. 
The early stages of lower urinary tract involvement with 
herpes are manifested as symptomatic detrusor instability 
with urinary frequency and urgency, but the latter stages 
include decreased sensation of filling and elevated residual 
urine or urinary retention.!” On the positive side, the 
problem is only temporary and generally recovers sponta- 
neously over several months. 


Guillain-Barré syndrome 


Guillain-Barré syndrome, also known as postinfectious 
polyneuritis, is an acute symmetric ascending polyneu- 
ropathy occurring 1—4 weeks after an acute infection. The 
syndrome is characterized by rapidly progressive signs of 
motor weakness and paresthesias progressing from the 
lower to upper extremities. Paralysis may progress for 
about 10 days and then remains relatively unchanged for 
about 2 weeks. The recovery is gradual and may take from 
6 months to 2 years for completion. Autonomic disorders 
are not unusual. 

The inflammatory process may involve the afferent sen- 
sory neurons as well and produce loss of position and 
vibration sense. This may explain the urodynamic findings 
of detrusor motor and sensory deficits with Guillain-Barré 
syndrome.'™ Retention of urine may occur in the early 
stages and require bladder catheterization.” Long-term 
urologic dysfunction is uncommon. 


Lyme disease 


Lyme disease, caused by the spirochete Borrelia burgdorferi, 
is associated with a variety of neurologic sequelae. The 
urologic manifestation of Lyme disease can be the primary 
or late manifestation of the disease affecting both sexes and 
all ages. Urinary urgency, nocturia, and urge incontinence 
are the most common urological symptoms.'” 

Urodynamic evaluation in a series of 7 patients revealed 
DO in 5 patients and AD in 2 patients.” Detrusor-exter- 
nal sphincter dyssynergia was not noted on EMG in any 
patient. The urinary tract may be involved in two different 
ways in the course of Lyme disease. There may be neuro- 
genic voiding dysfunction as a part of neuroborreliosis 
and there may also be direct invasion of the urinary tract 
by the spirochete. This is analogous to voiding dysfunc- 
tion secondary to other neurologic diseases such as multi- 
ple sclerosis. Only one patient had direct bladder invasion 
by the spirochete and he was an unusual case of Lyme 
disease with a fulminate presentation and multisystem 
involvement. 


Other conditions causing 
DU/AD 


Acute cerebrovascular accidents 


Cerebrovascular accident (CVA) is a serious neurologic 
event and it can cause temporary or permanent voiding 
dysfunction to the victims. It is generally accepted that the 
most common urodynamic finding in CVA patients is DO. 
However, most reports in CVA patients have been done in 
a retrospective analysis and often months to years after the 
acute episode, !0°%-110 

After the initial stroke episode, patients are in a state of 
‘cerebral shock’ and urinary retention commonly occurs. 
Burney et al'!! reported urodynamic evaluations in 60 CVA 
patients, performed within 72 hours from the accident. In 
their series, 47% of patients had urinary retention, mainly 
due to AD (75%). AD was found more commonly in 
patients with hemorrhagic infarcts (85%), compared to 
only in 10% with ischemic infarct. While most cortical and 
internal capsular lesions resulted in DO, all cerebellar 
infarcts resulted in AD. 


Multiple sclerosis 


Multiple sclerosis (MS) is a chronic disease with focal 
demyelinization of the central nervous system at various 
levels, causing a wide spectrum of neurologic manifesta- 
tion. Urologic problems are reported in up to 90% of 
patients and represent the most troublesome and socially 
disabling feature of the disease course.'!* The storage 
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symptoms such as frequency, urgency, and urge inconti- 
nence are more common, but voiding symptoms such as 
weak stream, straining, and large residual urine are also 
common manifestations in MS patients. 

In MS patients, large residual urine generally means 
inefficient voiding from either detrusor contraction 
problems or sphincteric dyssynergia. It may be caused by 
concomitant BOO such as BPH. Therefore, thorough uro- 
dynamic evaluation is mandatory in MS patient manage- 
ment. Since cervical lesions predominate in MS, DO 
with/without dyssynergia is the most common urody- 
namic finding in 50-80% of cases. DU/AD has been 
reported up to 30% of cases when the plaques involve 
lumbosacral lesions.!!*'!4 


Parkinson’s disease 


Parkinson’s disease is a degenerative disorder of the central 
nervous system (CNS) characterized by muscle rigidity, 
tremor, and a slow physical movement. These symptoms 
result from decreased stimulation of the motor cortex by 
the basal ganglia, usually caused by the insufficient forma- 
tion and action of dopamine, which is produced in the 
dopaminergic neurons of the brain. 

Most patients with Parkinson’s disease complain of 
lower urinary tract symptoms, and the degree of symptoms 
reported correlates with the severity and duration of the 
disease.''> The most common finding in a urodynamic 
study is DO, which reflects the involvement of the CNS in 
this condition. However, DU/AD has also been reported in 
up to 16% of patients.'!° These findings may result from a 
deterioration in bladder contractile function in the late 
stages of Parkinson’s disease, or from possible adverse 
effects of anticholinergic agents, which are commonly used 
in these patients for CNS symptom control. 


Systemic sclerosis 


Systemic sclerosis is a connective tissue disease character- 
ized by thickening and fibrosis of the skin. It also shows 
abnormalities of the small arteries involving the gastro- 
intestinal tract, heart, lung, and kidney. Typical histopatho- 
logic findings are arteritis and periarteritis with leukocyte 
infiltrates and deposition of fibrous tissues. 

Although bladder involvement in systemic sclerosis is an 
uncommon manifestation, there are some reports of 
DU/AD from systemic sclerosis patients with LUTS. In a 
series of 9 patients, urodynamic evaluation revealed normal 
findings in 5 patients and AD in 4 patients.''” Bladder biop- 
sies from acontractile patients demonstrated a derangement 
of the capillary bed of the muscle tissue, atrophy of the 
muscularis, and fibrotic replacement of the smooth muscle 
with attenuation of the lumen of the small arteries. 


Sacral nerve stimulation 


Sacral afferent input- 
modifying micturition 
reflexes 


The guarding and voiding reflexes are activated at different 
times under completely different clinical scenarios. 
However, anatomically they are located in close proximity 
in the $2—4 levels of the human spinal cord.'!® Both sets of 
reflexes are modulated by a number of centers in the brain. 
Thus, these reflexes can be altered by a variety of neuro- 
logic diseases, some of which can unmask involuntary 
bladder activity mediated by C fibers. 

It is possible to modulate these reflexes via sacral nerve 
stimulation (SNS) and restore voluntary micturition. 
Experimental data from animals indicate that somatic 
afferent input to the sacral spinal cord can modulate the 
guarding and bladder—bladder reflexes. Sacral pregan- 
glionic outflow to the urinary bladder receives inhibitory 
inputs from various somatic and visceral afferents, as well 
as a recurrent inhibitory pathway.'’? Electrical stimulation 
of somatic afferents in the pudendal nerve elicits inhibitory 
mechanisms.'”° This is supported by the finding that 
interneurons in the sacral autonomic nucleus exhibiting 
firing correlated with bladder activity and were inhibited 
by activation of somatic afferent pathways. This electrical 
stimulation of somatic efferent nerves in the sacral spinal 
roots could inhibit reflex of DO mediated by spinal or 
supraspinal pathways. 

In neonatal kittens and rats, micturition as well as defe- 
cation are elicited when their mother licks the perineal 
region.'”° This reflex appears to be the primary stimulus 
for micturition, since urinary retention occurs when the 
young kittens and rat pups are separated from their 
mother. 

To induce micturition the perineal afferents must acti- 
vate the parasympathetic excitatory inputs to the bladder 
but also suppress the urethral sympathetic and sphincter 
somatic guarding reflexes. A suppression of guarding 
reflexes by SNS contributes to the enhancement of voiding 
in patients with urinary retention. 

The perineal-to-bladder reflex is very prominent during 
the first 4 postnatal weeks and then becomes less effective 
and usually disappears in kittens by the age of 7-8 weeks, 
which is the approximate age of weaning. In adult animals 
and humans, perineal stimulation or mechanical stimula- 
tion of the sex organs (vagina or penis) inhibits the 
micturition reflex.>!°" 

Besides the strong animal research that identified 
somatic afferent modulation of bladder and urethral 
reflexes, there are also data from clinical physiologic stud- 
ies supporting the view that stimulation of sacral afferents 


192 Textbook of the Neurogenic Bladder 


Brain 


I 
f 
> 1 


Bladder afferent | (+) ' 


(+) | Somatic efferent 


Figure 12.5 

In cases of neurologic diseases, the brain cannot turn off the 
guarding reflex and retention can occur. Sacral nerve 
stimulation restores voluntary micturition in cases of voiding 
dysfunction and urinary retention but inhibits the guarding 
reflex. 


can modify bladder and urethral sphincter reflexes. 
Functional electrical stimulation appears to be a favorable 
nonsurgical treatment for many patients with detrusor 
instability. 


Hypotheses of sacral nerve 
stimulation mechanisms 


How do sacral somatic afferents alter lower urinary tract 
reflexes to promote voiding? To understand this mecha- 
nism, it should be recognized that, in adults, brain path- 
ways are necessary to turn off sphincter and urethral 
guarding reflexes to allow efficient bladder emptying. 

Thus, spinal cord injury produces bladder sphincter 
dyssynergia and inefficient bladder emptying by eliminat- 
ing the brain mechanisms (Figure 12.5). This may also 
occur after more subtle neurologic lesions in patients with 
idiopathic urinary retention, such as after a bout of prosta- 
titis or urinary tract infection. Before the development of 
brain control of micturition, at least in animals, that stim- 
ulation of somatic afferent pathways passing through the 
pudendal nerve to the perineum can initiate efficient void- 
ing by activating bladder efferent pathways and turning off 
the excitatory pathways to the urethral outlet.*** Tactile 
stimulation of the perineum in the cat also inhibits the 
bladder—sympathetic reflex component of the guarding 
reflex mechanism. 

With the hypothesis that SNS can elicit similar responses 
in patients with urinary retention and turn off excitatory 
outflow to the urethral outlet and promote bladder emptying, 


Tanagho and Schmidt'”! demonstrated the efficacy of sacral 
nerve stimulation for AD, not only in animal studies but 
also in clinical studies. Jonas et al!” reported the efficacy of 
SNS for idiopathic urinary retention in a prospective, ran- 
domized multicenter trial, which is the largest one so far. At 
6 months after implantation, 69% of the patients treated 
eliminated catheterization and an additional 14% had a 
50% or greater reduction in catheter volume per catheteri- 
zation. However, patients in this trial were a mixed popula- 
tion with DU, AD, or functional outlet obstruction due 
to urethral overactivity, and no subgroup analysis was 
reported. 

The methods for nerve stimulation also vary, including 
intraspinal transplantation, nerve root implantation, and 
transcutaneous stimulation.!?!!?°!*4 Because sphincter 
activity can generate afferent input to the spinal cord that 
can, in turn, inhibit reflex bladder activity, an indirect ben- 
efit of suppressing sphincter reflexes would be a facilitation 
of bladder activity. This may also be useful in this patient 
population. 


Myogenic sections 


Degeneration of or damage to bladder smooth muscle is 
also an important factor that induces DU/AD. Diabetes is 
the most common disease that shows these conditions. 
Chronic overdistention can result in detrusor myogenic 
failure even if the neurologic disease is treated or reversed. 
Bladder management to avoid overdistention, such as 
institution of intermittent catheterization after spinal cord 
injury, may protect the bladder from permanent myogenic 
damage. 

At the present time, detrusor myogenic failure has been 
impossible to treat or reverse. This is why catheterization, 
either intermittent or indwelling, has been the most com- 
monly used management. There is potential hope for the 
future, however, of transplanting muscle stem cells to 
repair the damaged bladder with or without ex-vivo gene 
therapy. 

The aim of ex-vivo cell therapy is to replace, repair, or 
enhance the biologic function of damaged tissue or 
organs. An ex-vivo process involves harvesting cells from 
patients or donors, in-vitro manipulation to enhance the 
therapeutic potential of the harvested cells (ex-vivo gene 
therapy), and subsequent injection or implantation of the 
cells into the patient. One particular advantage of cellular 
based ex-vivo gene therapy is that the manufactured cells 
act like bioreactors. At any stage of the process, cells can be 
cryopreserved so that therapy can be scheduled according 
to the patient’s requirements.’ A safety feature of the 
ex-vivo approach is that all genetic manipulation involv- 
ing viral vectors is performed in vitro in a controlled fash- 
ion. Therefore, the patients are not directly exposed to the 
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viral vectors. In addition, the amount of gene product 
expression can be quantitated, leading to controlled pro- 
tein production at specific sites with decreased system 
side-effects, '° 

Cell transplantation is not a new concept; however, the 
field of urologic tissue engineering has just recently grown 
to new and exciting levels. Because there is a general lack of 
regenerative ability in the bladder and urethral smooth 
muscle, research has centered on tissue repair by using 
pluripotent stem cells derived from other lineages. Our 
laboratory has focused on the isolation and characteriza- 
tion of a small population of these pluripotent stem cells 
that were derived from skeletal muscle. Using the preplate 
technique, we can purify and isolate cells that are highly 
capable of surviving post-transplantation and differentiat- 
ing into other lineages. !?7 

The rationale for using skeletal muscle for cellular-based 
gene therapy for the urinary tract is two-fold. In contrast to 
smooth muscle, skeletal muscle is constantly undergoing 
repair of its damaged tissue due to the presence of satellite 
cells.!*8 These cells are fusion-competent skeletal muscle 
precursors and, when differentiated, fuse to form 
myofibers capable of muscle contraction. Secondly, some 
purified satellite cells behave like pluripotent stem cells that 
may differentiate into another lineage. 

We and other investigators have previously demon- 
strated the ability to harvest muscle-derived cells (MDCs) 
which contain satellite cells and stem cells from a skeletal 
muscle biopsy.'2”!77-!3! MDCs have been used for the deliv- 
ery of secretory nonmuscle protein products, such as 
human growth hormone and coagulation factor IX, to the 
circulation.!**!*? In addition, when MDCs differentiate, 
they form myofibers that become postmitotic and conse- 
quently exhibit long-term transgene persistence.'*4 

We have also demonstrated that MDC transplantation 
increased muscle contractility in a cryo-injured detrusor 
model and nerve, or a sphincter-injured incontinence 
model.'**-' Thus, transplantation of MDCs from skeletal 
muscle might be a promising treatment strategy for DU 
or AD. 


Summary 


DU/AD can be observed in many neurologic conditions. 
Careful neurologic and urodynamic examinations are neces- 
sary for the diagnosis. Proper management is focused on pre- 
vention of upper tract damage, avoidance of overdistention, 
and decrease of residual urine. Scheduled voiding, double 
voiding, 0, -blockers, and self-intermittent catheterization are 
the typical conservative treatment options. Sacral nerve stim- 
ulation may be an effective treatment option for DU/AD. 
New promising concepts such as stem cell therapy and 
neurotrophic gene therapy are being explored. 
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Pathophysiology of the low compliant bladder 


Emmanuel Chartier-Kastler, Jean-Marc Soler, and Pierre Denys 


Introduction and physiology 


Bladder compliance is defined by the ratio of the increase 
in intravesical pressure over the increase in bladder volume 
(AV/AP). It reflects the capacity of the detrusor to allow 
bladder filling at low pressure in order to maintain the 
functional properties of the urinary system and to avoid 
deterioration of these properties (vesicorenal reflux, dete- 
rioration of the bladder wall, incontinence). It is depen- 
dent on both the physical reservoir qualities and the 
qualitative and quantitative innervation of the bladder 
(autonomic nervous system). 

The urodynamic definition of bladder compliance was 
proposed by the International Continence Society (ICS) 
and its various clinical study reports. The individual defin- 
ition of compliance has been shown to vary as a function 
of bladder volume at the time of measurement, the filling 
rate,” the technique used to measure compliance,’ repeti- 
tion of urodynamic investigations,’ and filling conditions 
(physiological versus artificial).° 

The detrusor is normally composed of 70% elastic tis- 
sue, consisting of smooth muscle cells, and 30% viscous 
tissues, consisting of collagen fibers. Smooth muscle fibers 
behave like elastic elements, i.e. they are able to return to 
their initial state as soon as the stretching force is removed. 
Smooth muscle fiber lengthening is proportional to the 
tension applied. By Hooke’s law: 


T (tension) = f (elastic module) x L (lengthening) 


Collagen fibers present the property of being able to delay 
deformation in response to stretch. Linear viscosity is gov- 
erned by Newton’s law, which states that the deformity of a 
fiber is directly proportional to the rate of tension. For 
more than 25 years, there has been an ongoing debate con- 
cerning whether bladder tone is determined by the passive 
properties of the bladder wall or by the autonomic nervous 
system. In this chapter, we will see that arguments derived 
from clinical experience of neurogenic bladder and its 
natural history, as well as our knowledge of detrusor inner- 
vation, now explain the important role of the nervous 
system in disorders of compliance. 


In 1994, in an editorial devoted to this subject, McGuire® 
summarized the history of these concepts. The interaction 
between reflex detrusor contraction and failure of sphincter 
opening mechanisms inevitably leads to the appearance of 
disorders of compliance. Introduction of self-catheterization 
into the management of neurogenic bladder, in which there 
is no longer any detrusor-sphincter synergy, has demon- 
strated the positive effect on improvement of bladder com- 
pliance. An increase in intravesical pressure, for whatever 
reason, is universally accepted to be a major factor in dis- 
orders of compliance. Various diseases can be responsible 
for increased intravesical pressure, including myelo- 
meningocele, spinal cord injury, multiple sclerosis, obstruc- 
tive uropathy, including benign prostatic hyperplasia, and 
radiotherapy-induced lesions. All of the treatments pro- 
posed below are designed to decrease intravesical pressures, 
as clinical experience has demonstrated the major role of 
raised intravesical pressure in deterioration of the upper 
tract and the appearance of voiding disorders with severe 
repercussions on quality of life. 


Natural history of compliance 
in neurogenic bladder: 
prognostic factors related to 
the mode of drainage 


Clinical experience provides pathophysiological informa- 
tion about disorders of compliance in neurogenic bladder. 
A review of large cohorts analyzed according to the level of 
the spinal cord lesion and the treatment used demonstrates 
a correlation between high intravesical pressure and disor- 
ders of compliance. In a series of 316 patients, Weld et al’ 
showed that patients treated by self-catheterization had a 
significantly higher incidence of normal bladder compli- 
ance than those with indwelling catheter, regardless of the 
level of the lesion. With a follow-up ranging between 16 
and 20 years, 75% of patients treated by self-catheteriza- 
tion had normal compliance (>12.5 ml/cm) vs 20% of 
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patients with an indwelling catheter and 60% of patients 
with reflex voiding. The rate of clinical complications was 
also proportional to the state of compliance. The level of 
the lesion also influences the incidence of low compliant 
bladder, which are less frequent in the case of a suprasacral 
vs sacral lesion, or an incomplete vs complete lesion. 

These data were confirmed by other cohort studies. 
Particular attention must be paid to cauda equina lesions, 
which may be associated with low compliance in up to 
55% of cases,” representing a major threat for the upper 
urinary tract, requiring strict surveillance and screening. 
More recently, Beric and Light? emphasized the need to 
clearly distinguish between cauda equina lesions and conus 
lesions, especially by neurological or electrophysiological 
examinations. Pure conus lesions without detrusor are- 
flexia may present various abnormalities of compliance 
on urodynamic studies (5 patients), including decreased 
compliance with a high risk of functional impairment. 
This finding has also been reported even more recently by 
Shin et al." 

Myelomeningocele must also be considered separately. 
Although the extent of the neurological lesions can vary 
considerably, 40-48%'° of patients develop upper urinary 
tract lesions over a period of 7 years. A correlation has been 
demonstrated between the level of the malformation, as 
57% of patients present with upper urinary tract dilatation 
in the case of thoracolumbar lesion and 90% in the case of 
thoracic lesion. This is particularly true during early child- 
hood, whereas puberty and the growth period constitute 
the second high-risk period for the appearance of a major 
compliance disorder, even despite well-conducted treat- 
ment, especially self-catheterization. Boys are more partic- 
ularly concerned (65%) and the presence of a tethered 
spinal cord, destabilized by growth, must be detected and 
treated if necessary, but this does not always prevent the 
risk of deterioration of probably ‘acquired’ bladder com- 
pliance. This problem must be carefully assessed before 
treatment of sphincter incompetence, especially by artifi- 
cial urinary sphincter. De Badiola et al'® demonstrated the 
importance of precise preoperative assessment of compli- 
ance, which, when abnormal (<2 ml/cm), must be treated 
by bladder enlargement associated with artificial urinary 
sphincter in a population predominantly composed of 
patients with myelomeningocele (18/23). This demon- 
strates the major role of raised intravesical pressure on 
deterioration of bladder compliance in the case of artificial 
increase of sphincter resistance on a reservoir with limited 
properties. Kaufman et al,” in a cohort of 214 children 
with myelomeningocele, confirmed the often irreversible 
nature of the disorder of compliance in this population 
(only 42% improvement after treatment based on a radio- 
logically documented urological indication). Upper tract 
deterioration, reflecting increased resistance to bladder 
emptying, should not be detected by radiological surveil- 
lance alone, but especially by urodynamic studies. 
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Clinical experience has confirmed the higher incidence 
of compliance disorders according to the level (topogra- 
phy) and complete or incomplete nature of the neurologi- 
cal lesion. The available treatments for hyperreflexia and 
low compliance were limited to bladder enlargement 
surgery in the case of failure of self-catheterization and 
parasympatholytics, which have been shown to improve 
intravesical pressure and compliance.” 

New conservative treatments for hyperreflexia more 
clearly illustrate the role of neurological tone in the 
pathogenesis of disorders of compliance. 


Data on disorders of 
compliance derived from 
conservative treatments of 
neurogenic bladder 


Old data concerning improvement of compliance by 
urethral dilatation in children with myelomeningocele 
support the important role of high intravesical pressure as 
a factor predisposing to disorders of compliance. A short 
series of 18 children out of 350” treated by dilatation (12F 
to 38F dilators) showed improvement of compliance by 
11.66-27.41 ml/cmH,O. The urodynamic results of open 
or endoscopic sphincterotomy do not specifically concern 
compliance, but may nevertheless indicate similar changes. 
Disafferentation induced by section of the posterior 
nerve roots performed in the context of implantation of a 
Brindley stimulator”? induced a marked improvement 
of compliance. Brindley,” Koldewijn et al, and 
Madersbacher have reported their experience with this 
technique. In a publication specifically devoted to this 
aspect of neurogenic bladder, Koldewijn et al! reported a 
dramatic improvement of compliance at 6 months in 27 
patients, which remained less than 20 ml/cmH,0O in only 2 
patients. This result was not constantly observed at the 5th 
postoperative day, while hyperreflexia was abolished in the 
great majority of patients and an increase of compliance 
was even observed in some cases during the very first post- 
operative days. Detrusor denervation interrupts the reflex 
arc and consequently reduces or even abolishes detrusor 
hyperreflexia and high pressures. Previous denervation 
techniques failed, probably due to incomplete rhizotomy. 
Few papers have reported the use of a-blockers in 
neurogenic bladder, particularly concerning their effects 
on bladder compliance. Swierzweski et al’? prospectively 
studied the effect of terazosin on compliance in 12 spinal 
cord injury patients after failure of self-catheterization and 
maximal pharmacological blockade. Terazosin, at a dosage 
of 5 mg/day (by month) for 4 weeks, significantly 
improved bladder compliance during treatment, suggest- 
ing an -blocking effect on detrusor receptors. The bladder 
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compliance of 22 patients was improved by an average of 
73% with return to baseline after stopping treatment, 
reflecting an ‘on-off’ effect. The feedback effect induced on 
the urethra could not be analyzed, but cannot be excluded, 
as indicated by the authors. The authors also reported a 
significant reduction of episodes of incontinence and dys- 
reflexia. More recently, Schulte-Baukhloh et al’? reported a 
study concerning alfuzosin. Seventeen children, mostly 
with myelomeningocele, with a mean age of 6.3 years, 
obtained an increase in bladder compliance from 9.3 to 
19.6 ml/cmH,O (111%). 

The use of adrenergic blocking agents appears to clini- 
cally confirm the neurogenic interference on disorders of 
compliance, which may be due to a cholinergic activity, 
myogenic activity, or fibrosis, but it can also be mediated 
by activation of o1-adrenergic receptors.” The reduction of 
bladder outlet obstruction has been shown to improve 
compliance of neurogenic bladders, but these clinical data 
on alpha blockers tend to suggest a direct effect on detru- 
sor Q-adrenergic receptors. None of the patients in this 
study developed incontinence as a result of terazosin. A 
more precise pathophysiological explantation cannot be 
proposed in the absence of a study of bladder leak point. 
Sundin et al,” in 1977, demonstrated the presence of 
adrenergic nerve endings in the detrusor, specifically in the 
case of parasympathetic denervation. 

The use of vanilloids (resiniferatoxin and capsaicin) is 
still under evaluation. The treatment strategy consists of 
inducing pharmacological bladder disafferentation of 
silent type C afferent fibers. Resiniferatoxin has been 
demonstrated to be effective on detrusor hyperreflexia,”° 
and was able to improve the disorder of compliance of a 
patient with myelomeningocele not presenting hyper- 
reflexia.” According to the authors, this result appears to 
suggest that type C fibers are partially responsible for sig- 
nals participating in deterioration of bladder compliance 
in some patients with myelomeningocele. This result needs 
to be confirmed on larger cohorts, especially including 
spinal cord injury patients. 

The use of intravesical botulinum toxin is much more 
interesting in terms of pathophysiology and treatment. 
Schurch et al reported the effects of intravesical botulinum 
toxin on continence in spinal cord injury patients,” as 
blockade of the release of acetylcholine into the neuromus- 
cular junction (efferent) induces a variable duration of 
bladder paralysis, with an estimated mean duration of 6-8 
months. The results obtained on bladder compliance in 
adults and, more recently, in children with myelomeningo- 
cele are particularly demonstrative. Bladder compliance 
was improved from 20.39 to 45.18 ml/cmH20, i.e. by 
121%. Botulinum toxin induces a marked reduction of 
intravesical pressure by inhibiting reflex contractions, but 
by acting on the efferent pathway of the reflex arc, thereby 
transforming the disorder of compliance, provided there is 
no pre-existing disorder of the bladder wall. 


The effect of continuous intrathecal baclofen on compli- 
ance has been studied in neurogenic bladder. Steers et al?’ 
in 1992 and Bushman et al” in 1993, respectively, demon- 
strated the marked effects on bladder compliance in a pop- 
ulation of patients with spastic spinal cord injury or 
hereditary spastic paraplegia. The effect of baclofen may be 
related to relaxation of the striated sphincter, leading to 
decreased resistance and/or a central neurological effect. 


Data derived from 
experimental studies 


Morphometric studies on human bladder strips and 
animal models now provide a better understanding of the 
cellular and intercellular mechanisms of neurological dis- 
orders of compliance. 

The study published by Backhaus et al°° is particularly 
important. Although an increased intravesical pressure 
participates in the disorder of compliance, and although it 
is not always easy to distinguish the respective roles of 
bladder wall disorders and purely neurological disorders, 
these authors developed, for the first time, an experimental 
model designed to correlate pressure and the expression of 
proteolytic enzymes and their endogenous inhibitors (tis- 
sue metalloproteinase MMP-1 inhibitors). On human 
bladder cells, they demonstrated that pressures of 20 or 40 
cmH20O interfered with MMP-1 production. The molecu- 
lar mechanisms responsible for the turnover of intercellu- 
lar matrix have not been clearly elucidated, but this study 
showed the link between the pressure applied and the rate 
of release into the medium of these enzymes responsible 
for destruction of types I and III collagen. Earlier studies’! 
demonstrating that the urothelium could be involved in 
the production of type I collagen suggest the role of these 
cells in the synthesis of extracellular matrix also needs to be 
studied. 

The direct participation of type III collagen was demon- 
strated on human bladder chips by the elevated levels of 
mRNA observed in the case of non-compliant bladder.*? 
Older morphometric studies” demonstrated a significant 
increase of connective tissue with no loss of muscle tissue 
on neurogenic non-compliant bladder, already suggesting 
participation of the bladder wall in the disorder of compli- 
ance with very probable functional alterations. The 
chronology of the disorders and their reversible or irre- 
versible nature has not been studied in vitro. 

Several studies have tried to elucidate the role of blood 
flow and possible slowing of blood flow on these disorders 
of the bladder wall. In general and independently of any 
neurogenic cause for detrusor dysfunction, Kershen et al** 
studied the effect of bladder filling on the blood supply of 
the wall in 17 conscious patients (Doppler transducer 
introduced by endoscopy). Blood flow tended to increase 
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with increasing bladder volume and pressure and was 
mediated by local control mechanisms. In contrast, when 
the bladder reached its full capacity, blood flow decreased 
followed by a rebound increase after bladder emptying. 
The authors found a strong correlation between reduction 
of detrusor blood flow and bladder wall compliance, sug- 
gesting that ischemia participates in structural modifica- 
tions of the bladder wall. This study provides different, but 
complementary data, concerning the role of ischemia due 
to high intravesical pressure in neurogenic bladder. 
Ohnishi et al” had already studied this hypothesis on neu- 
rogenic bladders presenting disorders of compliance vs a 
control group using laser Doppler measurement of blood 
flow, confirming that blood flow was highly significantly 
decreased in full non-compliant bladders. 

The role of innervation has been studied on models of 
bilateral hypogastric nerve transection in spinal cord 
injury rats,°° as these nerves provide the major sympathetic 
input to the bladder neck and urethra. Transection of these 
nerves reduces detrusor dysfunction in paraplegic patients, 
but did not alter the effects of dopaminergic receptor 
antagonists on the micturition reflex in spinal cord injury 
rats. Ten years earlier, the same mechanism was studied in 
anesthetized, non-spinal cord injury cats. Nerve section 
induced a reduction of bladder compliance at the end of 
filling, reflecting the inhibitory effect of sympathetic inner- 
vation during the second phase of filling, which probably 
helps to explain the mechanism of action of o&-blockers*»”? 
in this type of dysfunction. 

Gloeckner et al” confirmed that bladder wall disorders 
induced a loss of viscoelastic properties of the bladder. 
They used biaxial mechanical testing to study the bladders 
of spinal cord injury rats vs a control group and demon- 
strated marked differences, with muscle hypertrophy, in 
rats with central neurogenic bladder. Human morphomet- 
ric studies also provide similar findings, showing a signifi- 
cant increase of connective tissue with no loss of muscle 
tissue in neurogenic bladders. Landau et al°* studied blad- 
der biopsies in a population of 29 consecutive patients with 
neurogenic bladder requiring bladder enlargement and 
demonstrated an increase in the percentage of connective 
tissue and the connective tissue/muscle tissue ratio. 

Hormonal factors also probably play a role. Experiments 
conducted on pregnant and virgin female rabbits demon- 
strated loss of compliance in response to hormonal 
impregnation. Electrical or pharmacological stimulation of 
bladder strips also considerably altered compliance.” 


Conclusion 


The pathophysiology of disorders of bladder compliance is 
still poorly understood. Although the presence of high 
intravesical pressure, facilitated by uncontrolled detrusor 
hyperreflexia or high sphincter resistance, is certainly 


Clinical factors influencing low compliant 


neurogenic bladder 


Type of drainage of the bladder 
Type of neurogenic lesion 
Location 
Completeness 


Type of treatment of hyperreflexia (bladder pressure) 


still poorly elucidated (Table 13.1). All of the treatments 
used in routine clinical practice demonstrate that the main 
factor ensuring improvement of the disorder of compli- 
ance is an action on high intravesical pressure. Studies on 
bladder biopsies in patients with neuro-urological disease 
could provide greater insight, especially concerning colla- 
gen deposits. New treatments, particularly botulinum 
toxin, may be useful in the context of a test of reversibility 
of the disorder of compliance. In the future, molecular 
biology and the study of cellular interactions should pro- 
vide a better understanding of the mechanism linking 
raised intravesical pressure and loss of compliance. A num- 
ber of aspects remain to be elucidated,“ especially cellular 
interactions in wall changes, the reversible or irreversible 
nature of the various changes observed, the role of local 
neurotrophic factors, and changes induced on bladder 
afferent pathways. Similar questions have yet to be resolved 
concerning bladder aging or abnormalities induced by 
non-neurological obstruction. 

Further studies need to be conducted to develop a 
preventive treatment for disorders of compliance in neuro- 
genic bladder, other than specific treatment of the under- 
lying disease or bladder drainage, and to determine the 
adjuvant role of a-blocking drugs in this setting. 
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Pathophysiology of the vesico-sphincteric 


dyssynergia 


Helmut G Madersbacher 


Detrusor external sphincter dyssynergia (DSD) is defined 
as the presence of an involuntary contraction of the exter- 
nal sphincter during an involuntary detrusor contraction, 
and is therefore neurogenic. More recently, DSD has been 
simply characterized as intermittent or continuous accord- 
ing to the consistency of the sphincter contraction during 
the detrusor contraction.' 


Coordinated micturition — 
vesico-sphincteric synergia 


Normal micturition is controlled by neural circuits in the 
spinal cord and in the brain that coordinate the activity of 
visceral smooth muscle in the urinary bladder and urethra 
with activity of striated muscle in the urethral sphincter.” 
Normal micturition is preceded by relaxation of the exter- 
nal urethral sphincter.3 The main reflex components of 
these switching circuits are, that high level afferent activity 
(pelvic nerve) results in inhibition of external sphincter 
activity via a spino-bulbospinal reflex, inhibition of sympa- 
thetic outflow reflexes, activation of parasympathetic out- 
flow to the bladder, and activation of parasympathetic 
outflow to the urethra via a spinal reflex. When the volume 
of urine in the bladder exceeds the micturition threshold 
increased afferent firing from tension receptors in the blad- 
der reverses the pattern of efferent outflow, producing firing 
in the sacral parasympathetic pathways and inhibition of 
sympathetic and somatic pathways. Relaxation of the ure- 
thral smooth muscle is mediated in the animal model by 
activation of a parasympathetic pathway to the urethra that 
triggers the release of nitric oxide, an inhibitory transmitter, 
and by removal of adrenergic and somatic cholinergic exci- 
tatory inputs to the urethra. Secondary reflexes elicited by 
flow of urine through the urethra facilitate further bladder 
emptying. These reflexes need the integrative action of the 
neuronal population at various levels of the neuraxis. 
Within the spinal cord, afferent neurons from the blad- 
der and other segmentally innervated structures synapse 


on interneurons, that send the axons to the brain. These 
ascending neurons connect with structures in the brain- 
stem, including the pons and the periaqueductal gray 
(PAG) of the midbrain. There is good evidence that 
ascending afferent input from the spinal cord may pass 
through relay neurons in the PAG before reaching the 
pontine micturition center (PMC).* The PMC has a mod- 
ulating effect on reflexes such as those mediating excitatory 
outflow to the sphincter and sympathetic inhibitory out- 
flow to the bladder, which are organized at the spinal level. 

The dorsolateral pontine tegmentum is established as an 
essential control center for micturition in the normal subject. 
It was first described by Barrington’ in the cat, and has subse- 
quently been called ‘Barrington’s nucleus’, the ‘pontine mic- 
turition center’ or the ‘M region.’ In the animal (cat) pons a 
region, which is located laterally to the pontine micturition 
center — hence the term ‘L region’ — has an important input to 
the external urethral sphincter motoneurons in the Onuf’s 
nucleus as well as a projection to the thoracolumbar parasym- 
pathetic preganglianic neurons. Experimental findings let us 
assume that the M region is necessary to voiding and the L 
region is part of a larger, less specific area that probably serves 
sphincter control in various circumstances, when increased 
activation is required, such as during respiration, coughing, 
sneezing, or sexual activity. The fact that there is an area in the 
pons that is active during bladder storage suggests that the 
‘switching mechanism’ originally proposed by De Groat,° 
instead of switching the PMC on and off, switches between 
the L and M regions during storage and voiding, respectively. 


Uncoordinated micturition — 
vesico-sphincteric 
dyssynergia/detrusor- 
sphincter dyssynergia 


With acute spinal cord injury the normal connections 
between the sacral cord and the supraspinal circuits that 
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Figure 14.1 
Schematic (simplified) drawing of sacral reflex voiding 
with DSD. 


control urine storage and release are disrupted. After the 
so-called spinal shock phase, detrusor overactivity devel- 
ops. This overactivity is mediated by a spinal micturition 
reflex that emerges in response to a reorganization of 
synaptic connections in the spinal cord. Bladder afferents 
that are normally unresponsive to low intravesical pres- 
sures become more mechano-sensitive, leading to the 
development of detrusor overactivity. Normal micturition 
is associated with a spino-bulbo-spinal reflex mediated by 
myelinated Aô afferents. These fibers represent about 20% 
of bladder afferents in some species. Compared to Ad 
fibers, the more prevalent unmyelinated C fibers are rela- 
tively insensitive to gradual distention of the urinary blad- 
der, they remain silent during normal filling, and it is only 
after spinal cord injury that a capsaicin-sensitive C fiber- 
mediated spinal reflex develops. The C fiber afferents obvi- 
ously play a role in the development of bladder overactivity 
after spinal cord injury. Due to the increased mechanosen- 
sitivity of C fibers after spinal cord injury the cells in the 
dorsal root ganglion supplying the bladder are enlarged 
and show increased electrical excitability. Nitric oxide has 
been suggested as an important inhibitory transmitter in 
the lower urinary tract. Nerves with the capacity to synthe- 
size nitric oxide supply the urethra and the urinary blad- 
der. Nitric oxide seems to be important for the relaxation 
of the striated external sphincter." It has been shown that 
oral nitric oxide donors decrease significantly the resting 
sphincter pressure within 10 to 15 minutes after intake. In 
addition, the contractile ability of the external urethral 
sphincter seems to be influenced by nitric oxide donors. 
When the spinal cord injury is suprasacral and complete 
(neurologically defined as ASIA A) there is no modulation 
of pelvic floor reflexes such as the pudendo-anal (or 


urethral) reflex, whereas in incomplete injuries the reflex 
activity is variably facilitated. Spinal neurogenic detrusor 
overactivity is therefore often accompanied by detrusor- 
sphincter dyssynergia, defined as a neurogenically-deter- 
mined failure of coordination of detrusor and urethra 
(Figure 14.1). Patients with brain lesions rostral to the pons 
with an intact detrusor—brainstem reflex do not show 
detrusor sphincter dyssynergia, their micturition remains 
coordinated. When the sacral cord and the PMC are sepa- 
rated, reflex voiding is initiated by an involuntary detrusor 
contraction rather than by relaxation of the external ure- 
thral sphincter. The failure of the urethral sphincter to 
relax, when the detrusor contracts, causes a functional 
urethral obstruction which may not only hinder bladder 
emptying, but may also permit the development of high 
detrusor pressures. If high pressures are present for pro- 
longed periods in daily life, renal function is in danger (see 
below). From pediatric studies there is level 3 evidence that 
upper urinary tract deterioration is more probable when 
detrusor leak point pressure is elevated.’ 


How to diagnose 
detrusor-sphincter 
dyssynergia 


Normally, voiding is characterized by cessation of EMG 
activity in the urethral sphincter prior to detrusor contrac- 
tion. This coordination is impaired with lesions between the 
lower sacral segments and the upper pons. Consequently, 
sphincter EMG activity is not inhibited and is often 
increased before detrusor contraction, characteristic for 
detrusor-sphincter dyssynergia. 


Bladder outlet obstruction may be anatomic or func- 
tional in nature. An anatomic obstruction creates a 
urethral segment with a small and fixed diameter 
that does not dilate during voiding. As a result, the 
flow pattern is plateau shaped, with a low and con- 
stant maximum flow rate, despite high detrusor 
pressure and complete relaxation of the urethral 
sphincter. In a functional obstruction, however, it is 
the active contraction of the urethral sphincter dur- 
ing passage of urine that creates a narrow urethral 
segment, constantly or intermittently. 


To differentiate anatomic from functional obstruction, 
information is needed about the activity of the urethral 
sphincter during voiding. This information can be 
obtained, and recorded together with pressure and flow, by 
monitoring the urethral pressure at the level of urethral 
sphincter, and by recording a continuous electromyogram 
(EMG) of the striated urethral sphincter. Also the use of 
videourodynamics can be very helpful in this respect, as 
contractions of the pelvic floor muscles and the external 
sphincter can actually be seen during the voiding phase. 
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EMG of the striated 
sphincter/pelvic floor muscle 


For clinical purposes surface (patch) electrodes are often 
used in order to achieve a quantitative ‘random’ EMG of 
the pelvic floor striated muscle. Where the urethral sphinc- 
ter is not really accessible, the EMG of the striated anal 
sphincter is often used to monitor activity of the striated 
urethral sphincter. We use lac-isolated wire electrodes,!° 
as originally described by Scott et al,? in patients with 
analgesia in the pelvic floor area to register striated anal 
sphincter and pelvic floor striated muscle EMG activity. 

On the basis of the temporal relationship between 
urethral and detrusor contractions, Blaivas et al'! described 
three types of dyssynergia (Figure 14.2). Type 1 had a 
crescendo increase in electromyographic activity that 
reached a maximum at the peak of the detrusor contraction, 
type 2 had clonic sphincter contractions interspersed 
throughout the detrusor contraction, and type 3 was char- 
acterized by a sustained sphincter contraction that coincided 
with a detrusor contraction. However, there is no correlation 
between the clinical neurologic level and the type of dyssyn- 
ergia.'' Also, Weld et al' found no significant differences 
between the DSD type and the level of injury (cervical, tho- 
racic, or lumbar spinal cord). However, continuous DSD was 
strongly associated with complete spinal cord injuries. The 
more severe injuries probably result in more neural sprout- 
ing or other neural reorganization that fosters the develop- 
ment of continuous DSD. There are also no data on the 
effect of time on DSD type from published reports. 


Videourodynamic findings 
in DSD 


The characteristic radiologic sign consistently observed in 
men is an intermittent or constant narrowing of the ure- 
thra below the veromontanum, where it passes through the 
pelvic floor musculature. This narrowing of the urethra is 
clearly seen on the voiding cystourethrography; the most 
distal part of the posterior urethra is often as narrow as a 
thread, whereas widening of the proximal part of the pos- 
terior urethra is similar to a prestenotic dilatation. The 
weakly-muscled posterior wall is more distended than 
the anterior wall. The bladder neck seems narrowed and 


Figure 14.2 

On the basis of the temporal relationship 
between urethral and detrusor 
contractions, these three types of 
dyssynergia have been described by Blaivas 
et al" (see text). 


the posterior urethra shortened. Because of this, the 
urethra takes on a typical shape similar to an ‘amphora or 
‘spinning top. This transformation prohibits the physio- 
logic funneling of the bladder outlet, which normally 
occurs during micturition and which normally enables the 
wash-out of bacteria. The same is true for female patients 
with a functional obstruction located in the midurethra. 


Differential diagnosis to 
detrusor-sphincter 
dyssynergia 


A neurogenic uncoordinated sphincter behavior has to be 
differentiated from ‘voluntary’ contractions, e.g. due to anx- 
iety, which may occur in the unnatural labaratory setting of 
urodynamics. ‘Pseudodyssynergia’ may be seen during 
abdominal straining, coughing, or attempted inhibition 
of an involuntary bladder contraction. Non-neurogenic 
sphincter contraction during micturition may also be a 
learned abnormal behavior, and may be encountered partic- 
ularly in children with dysfunctional voiding. Such volun- 
tary contractions may also be seen in patients with 
suprapontine detrusor overactivity in order to prevent 
incontinence, and may eventually become a reflex behavior. 
Sphincter contraction, or at least failure of relaxation during 
involuntary detrusor contractions, has also been reported in 
patients with Parkinson’s disease. Striated sphincter behav- 
ior in this disease has also been named bradykinesia. 


Prevalence of 
detrusor-sphincter 
dyssynergia 


Of the 269 patients with suprasacral spinal cord injuries 
investigated by Weld et al,! 12.3% had no dyssynergia, 7.4% 
had intermittent, and 80.3% continuous DSD. Again, there 
was no significant association between the specific level of 
injury and the DSD type. Blaivas et al'! found that 94.9% 
of patients with suprasacral injuries demonstrated detru- 
sor overactivity and/or detrusor-sphincter dyssynergia, 
41.8% had low bladder compliance, and 40% had high 
detrusor leak point pressures. 
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Figure 14.3 
The impact of untreated DSD on the urinary tract (Drawing by M 
Stoehrer, 1985). 


Figure 14.4 


The clinical impact of 
detrusor-sphincter 
dyssynergia 


Patients with DSD are at an increased risk of elevated 
intravesical pressure. Elevated residual urine, structural 
bladder damage, and vesico-ureteral reflux, when 
combined with recurrent infections, cause renal failure 
(Figure 14.3). This is more common with continuous than 
intermittent DSD. More than half of men with DSD 
develop urologic complications.’ 

A comparison of voiding cystourethrograms of patients 
with different illness duration showed clearly that the 
amphora shape of the posterior urethra was especially 
pronounced in patients who were paraplegic for a relatively 
short time (5 years).'? With ongoing DSD this characteris- 
tic shape became less evident, whereas other striking find- 
ings become more evident: in 40% of our patients with 


Voiding cystourethrograms (VCUGs) of the same patient (a) 6 months after spinal cord injury and (b) 5 years later without treatment of 
DSD. (a) Already on the VCUG 6 months postinjury there is a narrowing of the posterior urethra at the level of the external striated 
sphincter/pelvic floor musculature. There is slight influx of contrast medium into the prostate, indicating the presence of DSD; the 
bladder still has a normal shape. (b) 5 years later there is now massive influx into the prostate, the ballooning of the posterior urethra 
has decreased, the detrusor has become heavily trabeculated, and the bladder outline shows saculations as a result of untreated DSD. 
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spinal reflex voiding, extensive influx into the prostate and 
into the seminal vesicles, indeed even into the vas deferens 
and into the epididymis, occurred. Prostatic stones and 
caverns were also noted (Figure 14.4). 

In men with early paraplegia (up to 1 year) we found such 
changes in 16% (4 of 25); in men who were paraplegic for up 
to 5 years in 28% (7 of 24), and for those with paraplegia of 
between 5 and 15 years’ duration in 47% (8 of 17). In para- 
plegics of more than 15 years’ duration 84% (11 of 13) 
showed the above-mentioned changes. These findings date 
back to 1977, when not much attention was yet paid to DSD. 
In children with non-neurogenic detrusor-sphincter dys- 
function as well as in children with neurogenic DSD, the 
proximal urethra also showed the so-called ‘spinning top’ 
configuration during voiding, sometimes also already dur- 
ing filling. With detrusor and pelvic floor muscles contract- 
ing at the same time, the force of the detrusor contraction 
will dilate the proximal urethra down to the level of the 
closed striated external sphincter. The resulting ‘spinning 
top’ configuration is a sign of distal urethral stenosis, and 
may also be responsible for recurrent urinary tract infections 
in these children due to impaired wash-out of bacteria. 
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Pathophysiology of the autonomic dysreflexia 


Inder Perkash 


Historical overview 


In 1860, Hilton! was the first to report a case consistent 
with autonomic dysreflexia (AD). He described recurrent 
chills and hot flushes in a C5 injured patient. In 1890, 
Bowlby? quoted hot flushes and sweating in C7 injured 
patients after catheter passage. 

In 1917, Head and Riddoch? observed episodes of 
intense sweating associated with slowing pulse in associa- 
tion with bladder filling, blocked catheter, or administra- 
tion of an enema in spinal cord injury (SCI) patients. 

In 1938, Talaat* found distention of the bladder with 
increased blood pressure. Guttmann and Whitteridge 
reported the relationship between bladder distention and 
excessive rise in blood pressure in SCI patients in 1947.° 
They described, in a series of SCI patients, how distention 
of the viscera led to an autonomic response which 
induced profound effects on cardiovascular activity in 
parts of the body above the level of the spinal cord lesion. 
In 1951, Pollock and his group reported defective regula- 
tory mechanisms of autonomic nervous system function 
after SCI. Subsequently, many publications have 
described AD, its pathophysiology, and treatment, includ- 
ing reviews by Trop and Bennett,’ Vaidyanathan et al,° 
and Karlsson.’ The association between AD and detrusor- 
sphincter dyssynergia (DSD) has now been well recog- 
nized! and the therapeutic role of transurethral 
sphincterotomy (TURS) in relieving AD has been well 
documented. 

Paroxysmal hypertension with pounding headache has 
been reported as the usual presenting symptom of AD. 
This is usually related to bladder distention and quite often 
accompanied by profuse sweating and bradycardia and 
sometimes tachycardia.*'! Other infrequent causes of AD 
are a loaded rectum, high bowel impaction, ureteric calculi, 
fractured long bones, and perforated abdominal viscera. 
Additionally, it has also been reported during extracorpo- 
real shock wave lithotripsy (ESWL) for kidney stone 
patients! and during childbirth.'? Appreciation of the 
pathophysiology of AD is important since it is preventable 
and failure to recognize it may result in hypertensive 
seizure and stroke. 


Symptoms 


SCI patients may present with one or more of the following 
signs or symptoms when experiencing an AD episode. 
However, the symptoms may be minimal or absent, despite 
the significantly increased blood pressure. Usually, the 
symptoms start after the spinal shock period. However, AD 
can be seen at an early stage and it should be considered in 
the differential diagnosis of patients immediately after SCI." 
AD symptoms are diverse and include: 


e profuse sweating above the level of the injury, mainly 

the face, neck, and shoulders, but it could also occur 

below the level of injury 

pounding headaches 

hot flushes above the injury, especially the face and neck 

piloerection or goose bumps above or below the lesion 

blurred vision and the appearance of spots in the visual 

field 

e nasal congestion and anxiety 

e severe headaches, usually occipital, bitemporal, and 
bifrontal in location, in more than 50% of patients." 


Signs 


Systolic and diastolic blood pressure increases can be severe 
and sudden, frequently associated with bradycardia. Usually, 
patients with SCI above T6 have normal systolic blood pressure 
in the range of 90-110 mmHg. Therefore, a blood pressure 
20-40 mmHg above baseline may be a sign of AD.’ However, 
systolic blood pressures above 300 mmHg and diastolic blood 
pressures above 220 mmHg have been reported.'®*'” 

Other objective signs that might be associated with AD 
include: 


e tachycardia 

e atrial fibrillation, premature ventricular contraction, 
atrioventricular conduction abnormalities 

e cutaneous vasodilatation or vasoconstriction 

e penile erection 

e changes in skin and rectal temperature and changes in 
the level of consciousness. 
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Figure 15.1 
Sympathetic and parasympathetic activity leading to AD. (a) Illustrates the mechanism whereby blood pressure rises; (b) shows the 


manifestation of AD and the parasympathetic activity to control blood pressure. 
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Neurophysiologic basis of 
autonomic dysreflexia after 
spinal cord injury 


AD usually occurs after the shock phase following SCI. 
About 90% of tetraplegics show positive cystometrographic 
(CMG) results for AD within 6 months of injury.'® 
Sympathetic preganglionic vasoconstrictor fibers pass 
through the paravertebral ganglions to synapse with post- 
ganglionic neurons. Experimental studies in rats have 
shown that, soon after SCI, bulbospinal pathways are dam- 
aged and this disrupts the control of sympathetic pregan- 
glionic neurons." This renders the neurons less receptive to 
any excitatory input, and explains why there is no AD dur- 
ing the shock phase. In about 30 days there is significant 
recovery in the rat in the preganglionic fibers, and reorga- 
nization of the synaptic input with the return of the excita- 
tory sympathetic responses. The recovery of morphology 
and spinal circuitry change herald the occurrence of AD, 
which signals the development of abnormal synaptic con- 
nections within the spinal cord. The preganglionic neurons 
may express new receptors or probably upregulate normally 
expressed receptors in response to their initial deafferenta- 
tion. Thus AD is time dependent’? (for its intensity and 
magnitude) after injury in clinical patients. It has also been 
observed that there is hypersensitivity of vascular o- 
adrenoreceptors in tetraplegics in the manifestation of 
AD.” The major splanchnic (sympathetic) outflow from the 
spinal cord is from T5 to T12. Patients with lesions above 
T5-6 have no control on the splanchnic bed. Full bladder, 
any other pelvic visceral distention, or other noxious stim- 
uli below the level of SCI can reflexly stimulate peripheral 
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Figure 15.2 

Sympathetic and parasympathetic 
visceral innervation (with permission 
from Gore RM; Mintzer RA. 
Gastrointestinal complications. In: 
Calenoff L, ed. Radiology of Spinal Injury. 
St Louis: CV Mosby, 1981). 


vasoconstriction, resulting in increased venous return and a 
rise in blood pressure. It has been shown to be associated 
with an increase in plasma norepinephrine’* and with no 
elevation in plasma renin during or after an episode of 
AD,” indicating that it is the increased sympathetic activity 
which leads to the rise in blood pressure and not the 
increased adrenal activity (see Figures 15.1 and 15.2). 

Sympathetic skin responses seem to be sensitive in deter- 
mining the degree of damage to the descending spinal 
sympathetic system. In their evaluation they did not find 
any SCI patient with hand and foot somatic skin responses 
(SSRs) intact who had an episode of AD. However, all 
patients with pathologic SSRs in the hands and feet exhib- 
ited AD. It seems to be a requisite for AD.” The authors 
also reported that 70% of AD patients had a pathologic cir- 
cadian rhythm for blood pressure (there was no difference 
between day and night mean blood pressure). In a study in 
tetraplegics, the circadian rhythm for blood pressure was 
abolished but was preserved for heart rate.” 

The blood pressure is autoregulated through sensory 
impulses passing through the carotid bodies and aortic 
arch to the hypothalamus, with negative feedback through 
the sympathetic pathways, and this leads to pooling of 
blood in the splanchnic bed, which could be as much as 1 
or more liters — an enormous reduction in the circulating 
blood volume. This autoregulation is not possible with 
lesions above T5—6. However, the intact vagus nerve does 
lead to slowing of the heart rate, but the blood pressure is 
maintained due to the peripheral vasoconstriction and 
increased venous return. This manifests with signs and 
symptoms of AD. In one study, a large number of patients 
with injuries above the T6 spinal level only had a rise in 
blood pressure in the absence of symptoms of AD.” The 
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Rise in blood pressure with bladder contractions during CMG in a tetraplegic patient. 


patients might, therefore, be wrongly diagnosed as suffer- 
ing from essential hypertension unless urodynamic evalu- 
ation is done with BP monitoring to evaluate the effect of 
bladder distention on BP rise and occurrence of AD. In this 
study, urodynamics were critical to confirm the patients 
prone to AD (see Figure 15.3). During urodynamic evalu- 
ation of SCI patients, a significant rise in blood pressure 
was noticed in patients with DSD.**”° AD is thus associated 
with DSD in SCI patients." Persistence of AD after TURS 
has not been adequately evaluated. 


The failures of TURS have been reported as due to 
abnormal bladder contractions and bulbar urethral stric- 
tures. They could also be due to possible failed or inade- 
quate TURS. Following an electrocautery incision there is a 
high incidence of urethral stricture, particularly when the 
incision is made into the bulbous urethra. Repeated uri- 
nary tract infections and urethral trauma can also lead to a 
urethral stricture. The availability of laser for TURS has 
reduced the incidence of urethral strictures and TURS 
failures.*%7” 
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Pathophysiology of spinal shock 


Magdy Hassouna, Nader Elmayergi, and Mazen Abdelhady 


Introduction 


The functions of the lower urinary tract are to store and 
periodically eliminate urine. This function implies a recip- 
rocal relation between the reservoir (bladder) and outlet 
(urethra and sphincter) component of the lower urinary 
tract. The functions of the bladder and urethral sphincter 
are regulated by a complex neural control system located 
in the brain and spinal cord.'* Spinal cord injury (SCI) 
initially induces an areflexic bladder and urinary retention 
due to loss of supraspinal excitatory stimulation. 

Recognition of the problem of SCI and the associated 
lower urinary tract dysfunction dates back to at least 
1700 BC, with the description in the Edwin Smith Surgical 
Papyrus: ‘One having a dislocation in a vertebra of his neck 
while he is unconscious of his two legs and his two arms, 
and his urine dribbles. An ailment not to be treated’? 


Innervation of the lower 
urinary tract 


The bladder is innervated by three sets of peripheral 
nerves: parasympathetic (pelvic), sympathetic (hypogast- 
ric), and somatic (pudendal) nerves* (Figure 16.1). 
Afferent sensory fibers from the bladder can exit along 
either the sympathetic or parasympathetic pathway. Also, 
these nerves contain afferent axons innervating the lower 
urinary tract and the most important afferents for initiat- 
ing micturition are those carried in the pelvic nerve!” 
(Figure 16.1). 

Parasympathetic preganglionic axons originate in the 
intermediolateral column of the S2—S4 spinal cord and ter- 
minate on postganglionic neurons in the bladder wall and 
in the pelvic plexus, which is a rectangular network located 
on the lateral surface of the rectum in humans (Figure 
16.1). The portion of the pelvic plexus that specifically sup- 
plies the bladder is sometimes called the vesical plexus. The 
plexus receives input from the S2-S4 spinal cord segments 
by means of the presacral nerve. The primary supply to the 
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Figure 16.1 
Innervation of bladder by parasympathetic, sympathetic and 
somatic nerves. 


detrusor is by parasympathetic nerves, which are uni- 
formly and diffusely distributed throughout the detrusor.° 

A rich plexus of sympathetic nerve terminals supplies 
the bladder neck smooth muscle in males. In contrast, in 
the female numerous parasympathetic nerves, which are 
identical to that innervating the detrusor, supply the 
bladder neck and urethral muscle. In the female the 
bladder muscle and the urethra receive a poor supply of 
sympathetic innervation.’ 

The sympathetic preganglionic nuclei are located in the 
first and second lumbar segments, and possibly the twelfth 
thoracic segment. 

The superior hypogastric plexus is a fenestrated network 
of fibers anterior to the lower abdominal aorta. The 
hypogastric nerves exit bilaterally at the inferior poles of 
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Receptors in peripheral nervous pathways regulating lower urinary tract function. Facilitatory and inhibitory 


responses are indicated by plus and minus in parentheses, respectively 


Efferent 
Parasympathetic Sympathetic Somatic Afferent 

Ganglia (+) N, M, VIP N, M, o,,*, B° 

(-) ENK ô’ Oop 
Bladder (+) M», M3, Pax, M,? NK,, NK2, CGRP, H}, B;, vanilloid 

(=) Mô, NPY? Bo Ba NPY? VIP 
Bladder neck and urethra (+) M,, M; Qp 02 

(-) NO 


Striated urethral sphincter (+) 


*Presynaptic receptors. 


>Heterosynaptic inputs onto parasympathetic ganglion cells.Abbreviations: ENK, enkephalin; VIP, vasoactive intestinal peptide; NO, nitric oxide; NPY, 
neuropeptide Y; N, nicotinic receptor; M,, M3, and M3, muscarinic receptors; ©, 0, 8, and B», adrenergic receptors; Pyy, purinergic receptor; CGRP, 
calcitonin gene-related peptide receptors; NK, and NK,, tachykinin receptors; 5, opioid receptors; H,, histamine receptor; B», bradykinin receptor. 


the superior hypogastric plexus, which lie at the level of the 
sacral promontory. The network of nerve structures is 
located between the endopelvic fascia and the peritoneum. 
The hypogastric nerves unite the superior hypogastric 
plexus and the inferior hypogastric plexus or pelvic plexus 
bilaterally.’ The superior hypogastric plexus and hypogas- 
tric nerves are mainly sympathetic, the pelvic splanchnic 
nerves are mainly parasympathetic, and the inferior 
hypogastric plexus has both types of nerves. 

Bladder afferent fibers convey mechanoreceptive input 
essential for voiding. These visceral afferent fibers also 
transmit sensations of bladder fullness, urgency, and pain. 

The pudendal nerve is a mixed nerve carrying motor 
and sensory fibers. It is a part of the pelvic plexus, and its 
fibers are derived from the somatic components of the 2nd, 
3rd, and 4th sacral nerves. Nerve branches combine to 
form one major trunk of the pudendal nerve.’ 

The parasympathetic preganglionic axons release acetyl- 
choline (ACh) which activates postsynaptic nicotinic 
receptors.'”!! Nicotinic transmission at ganglionic 
synapses can be regulated by various modulatory synaptic 
mechanisms which involve muscarinic, adrenergic, and 
enkephalinergic receptors! (Table 16.1). Parasympathetic 
postganglionic neurons in turn provide an excitatory input 
to the bladder smooth muscle. Parasympathetic postgan- 
glionic nerve terminals release ACh, which can excite dif- 
ferent types of muscarinic receptors (M, and M;) which 
are present in the detrusor muscle!?-“ (Table 16.1). 
Muscarinic receptors are also involved in a presynaptic 
inhibition (M,) and facilitation (M,) of ACh release 
from postganglionic nerve terminals in the bladder!>'® 
(Table 16.1). Adenosine triphosphate (ATP), which is a 


cotransmitter also released from parasympathetic postgan- 
glionic terminals, induces a rapid onset, transient contrac- 
tion of the bladder!” (Table 16.1). On the other hand, the 
parasympathetic input to the urethra elicits inhibitory 
effects mediated at least in part via the release of nitric 
oxide (NO), which directly relaxes the urethral smooth 
muscle.”'”'8 In contrast to other transmitters which are 
stored and released from synaptic vesicles by exocytosis, 
NO is not stored but is synthesized immediately prior to 
release by the enzyme nitric oxide synthase (NOS). NOS- 
containing nerve terminals are found more densely in the 
bladder base and urethra than in the detrusor.!? Thus, it 
seems reasonable to assume that the excitation of sacral 
parasympathetic efferent pathways induces a bladder con- 
traction via ACh/ATP release and urethral relaxation via 
NO release (Table 16.1). Sympathetic preganglionic neu- 
rons located within the intermediolateral cell column of 
the T11-L2 spinal cord make synaptic connections with 
postganglionic neurons in the inferior mesenteric ganglion 
as well as with postganglionic neurons in the paravertebral 
ganglia and pelvic ganglia'**° (Figure 16.1). Ganglionic 
transmission in sympathetic pathways is also mediated by 
ACh acting on nicotinic receptors. Sympathetic postgan- 
glionic terminals, which release norepinephrine, elicit con- 
tractions of the bladder base and urethral smooth muscle 
and relaxation of the bladder body mediated though 
adrenoceptors!” (Table 16.1). In addition, postganglionic 
sympathetic input to bladder parasympathetic ganglia can 
facilitate and inhibit parasympathetic ganglionic transmis- 
sion.” Somatic efferent pathways which originate from the 
motoneurons in Onuf’s nucleus of the anterior horn of the 
S2-S4 spinal cord innervate the external striated urethral 
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sphincter muscle and the pelvic floor musculature (Figure 
16.1). Somatic nerve terminals release ACh that acts on 
nicotinic receptors to induce a muscle contraction (Table 
16.1). Combined activation of sympathetic and somatic 
pathways elevates bladder outlet resistance and contributes 
to urinary continence. Several other nonadrenergic—non- 
cholinergic transmitters such as leucine enkephalin (ENK), 
vasoactive intestinal polypeptide (VIP), and neuropeptide 
Y have been identified as modulators of efferent inputs to 
the lower urinary tract®®?! (Table 16.1). 


Physiology of urine storage 
and micturition 


The bladder functions as a low-pressure reservoir during 
urine storage. The bladder pressures remain low and rela- 
tively constant when bladder volume is below the threshold 
for inducing voiding. This is mainly due to the combined 
effect of the viscoelastic properties of the bladder wall and 
quiescence of the parasympathetic pathway to the blad- 
der.'” During urine storage, the bladder outlet is closed 
and the bladder smooth muscle is quiescent, allowing 
intravesical pressure to remain low over a wide range of 
bladder volumes. Sensory information including the feel- 
ing of bladder fullness or bladder pain is conveyed to the 
spinal cord via afferent axons in the pelvic and hypogastric 


nerves.>*4 Neuronal bodies of these afferent nerves are 
located in the dorsal root ganglia (DRG) at S2-S4 and 
T11-L2 spinal segmental levels (Figure 16.1). The afferent 
fibers carry impulses from tension receptors and nocicep- 
tors in the bladder wall to neurons in the dorsal horn of the 
spinal cord. Afferent fibers passing in the pelvic nerve to 
the sacral cord are responsible for initiating the micturition 
reflex. These bladder afferents have myelinated (A6 fiber) 
or unmyelinated (C fiber) axons.” 

In addition, during bladder filling, afferent activity 
derived from the bladder activates a sacral to thoracolum- 
bar intersegmental spinal reflex pathway which triggers fir- 
ing in sympathetic pathways to the bladder.”* Activation of 
sympathetic efferents then mediates an inhibition of blad- 
der activity and contraction of the bladder neck and prox- 
imal urethra.” Pudendal motoneurons are also activated 
by vesical afferent input as the bladder fills, thereby induc- 
ing a contraction of the striated sphincter muscle which 
contributes to urinary continence.*®”? Thus urine storage 
is mainly controlled by reflexes integrated in the spinal 
cord (Figure 16.2). However, it is also reported that a 
supraspinal urine storage center is located in the dorsolat- 
eral pons. Descending inputs from this region activate the 
pudendal motoneurons to increase urethral resistance’? 
(Figure 16.2). 

When bladder volume reaches the micturition thresh- 
old, afferent activity originating in bladder mechanocep- 
tors triggers micturition reflexes, which consist of firing in 
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the sacral parasympathetic pathways and inhibition of 
sympathetic and somatic pathways. This leads to a con- 
traction of the bladder and a concomitant relaxation of the 
urethra. The afferent fibers which trigger micturition in the 
rat and cat are myelinated Að fibers.*** These bladder 
afferents in the pelvic nerve synapse on neurons in the 
sacral spinal cord, which then send their axons rostrally to 
a micturition center in the dorsolateral pons. This center 
contains neurons which are essential for inducing voiding 
reflexes.” It has been demonstrated that activity ascend- 
ing from the spinal cord may pass through a relay center in 
the periaqueductal gray before reaching the pontine mic- 
turition center.**’? Thus voiding reflexes depend on a 
spino-bulbospinal pathway which passes through an inte- 
grative center in the brain (Figure 16.2). This center func- 
tions as an ‘on-off’ switch, activated by afferent activity 
derived from bladder mechanoceptors, and also receives 
inhibitory and excitatory inputs from the brain regions 
rostral to the pons. Reflex voiding is also facilitated by 
afferent inputs from the urethra. This urethrovesical reflex 
triggered by urine flow into the urethra enhances bladder 
contractions.' During voiding reflexes, activity in the 
pudendal efferent pathway to the striated urethral sphinc- 
ter is suppressed to reduce outlet resistance.'*? This mech- 
anism is mainly due to an inhibition of the pudendal 
motoneurons by the descending inputs from the dorsolat- 
eral pons.****" An excitation of the sacral parasympathetic 
pathway also directly induces a relaxation of urethral 
smooth muscle mediated by the release of NO. 

During voluntary voiding, relaxation of the pelvic floor 
and striated urethral sphincter muscles occurs, followed by 
a detrusor muscle contraction and opening of the bladder 
neck. Reflex inhibition of the smooth and striated urethral 
sphincter muscles also occurs during micturition. 

In the human bladder smooth muscle, only two mus- 
carinic receptor subtypes (M, and M;) have been identi- 
fied. Although the M, receptor subtype is the predominant 
subtype in the bladder (approximately 80%), the contrac- 
tions of the bladder are mediated by M, receptors.’ 
Muscarinic receptors (M, subtype) are also located pre- 
junctionally on cholinergic nerve terminals in the blad- 
der.’ Voiding reflexes are mediated by myelinated (Ad 
fiber) bladder afferents, which activate a supraspinal mic- 
turition reflex that passes through neural circuits in the 
rostral brainstem.**® Also, unmyelinated (C fiber) bladder 
afferents are present and they are found to be silent in 
normal cats and do not respond to bladder distention. 


Effects of spinal cord injury 
on micturition 


The spinal cord is divided into 31 segments, each with a 
pair of anterior (motor) and dorsal (sensory) spinal nerve 


roots. On each side, the anterior and dorsal nerve roots 
combine to form the spinal nerve as it exits from the verte- 
bral column through the neuroforamina. The spinal cord 
extends from the base of the skull and terminates near the 
lower margin of the L1 vertebral body. Thereafter, the 
spinal canal contains the lumbar, sacral, and coccygeal 
spinal nerves that comprise the cauda equina. Therefore, 
injuries below L1 are not considered SCIs because they 
involve the segmental spinal nerves and/or cauda equina. 
Spinal injuries proximal to L1, above the termination of 
the spinal cord, often involve a combination of spinal cord 
lesions and segmental root or spinal nerve injuries. 

The primary watershed area of the spinal cord is the 
midthoracic region. Vascular injury may cause a cord 
lesion at a level several segments higher than the level of 
spinal injury. For example, a lower cervical spine fracture 
may result in disruption of the vertebral artery that ascends 
through the affected vertebra. The resulting vascular injury 
may cause an ischemic high cervical cord injury. At any 
given level of the spinal cord, the central part is a watershed 
area. Cervical hyperextension injuries may cause ischemic 
injury to the central part of the cord, causing a central cord 
syndrome. 

The effect of SCI on the lower urinary tract depends on 
the level, duration, and completeness of the cord lesion. 
According to the level, it may give the picture of an upper 
motor neuron lesion, which corresponds with damage to 
the spinal cord rostral to the sacral cord, and lower motor 
neuron diseases in which damage occurs to the sacral cord 
and/or cauda equina that give rise to the parasympathetic 
and somatic pathway to the bladder and urethral sphinc- 
ter.” Among patients with SCI, upper motoneuron dis- 
ease such as cervical and thoracic vertebral injuries forms 
the major group.” Upper motoneuron type of SCI initially 
leads to a phase of spinal shock which is followed by a 
recovery phase during which neurologic changes emerge. 
During the period of spinal shock immediately after SCI, 
there is a flaccid paralysis and absence of reflex activity 
below the level of the lesion; thus the urinary bladder 
becomes areflexic. However, activity of the internal and 
external sphincter persists or rapidly recovers after 
suprasacral injuries. Therefore, because sphincter tone is 
present, urinary retention develops and patients have to be 
treated with intermittent or continuous catheterization to 
eliminate urine from the urinary bladder. Following the 
spinal shock phase, reflex detrusor activity reappears after 
2-12 weeks in most cases.****° 


Pathophysiology of spinal 
cord injury 


The pathophysiology of SCI is a two-step process involving 
primary and secondary mechanisms.*!"” 
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Primary mechanisms of acute spinal cord injury 


e Acute compression 
e Impact 

e Missile 

e Distraction 

e Laceration 


e Shear 


Primary mechanism 


The primary mechanism of SCI (see Table 16.2) is a com- 
bination of both the initial impact as well as the subse- 
quent persisting compression. This is common in injuries 
like fracture dislocation, missile injuries, ruptured discs, 
and burst fractures. Clinical scenarios where impact alone 
occurs without ongoing compression may include severe 
ligamentous injuries in which the spinal column dislocates 
and then spontaneously reduces.“ Similarly, spinal cord 
laceration from sharp bone fragments or missile injuries 
can produce a mixture of spinal cord laceration, contusion, 
and compression or concussion." 


Secondary mechanisms 


The primary mechanical injury initiates a cascade of 
secondary injury mechanisms (Table 16.3), including the 
following: 

vascular changes**4>-47 
free radical production 
ionic derangements”?! 
programmed cell death or apoptosis 
neurotransmitter accumulation (excitotoxic cell 
injury)5455 

inflammation 

loss of ATP-dependent cellular processes*® 

edema? 

endogenous opioids.**”? 


47-49 


52,53 


ea iat ak 


Sie el. 


Vascular changes 


One of the most critical elements in the evolution of bio- 
chemical and morphologic alterations following spinal cord 
trauma is the condition of vascular flow to the tissue. Blood 
flow, which is present or lacking in the spinal cord tissue 
after trauma, is a reflection of the damage provoked.” 


Blood supply of the spinal cord 

Blood is supplied to the vertebral column by way of seg- 
mental arteries that arise near it from the aorta, or from 
adjacent arteries in the areas beyond the extent of the aorta. 


Secondary mechanisms of spinal cord injury 


Systemic vascular effects: 


e Heart rate: brief tachycardia then prolonged 
bradycardia 


e Blood pressure: brief hypertension then prolonged 
hypotension 


e Peripheral resistance: decreased 

e Cardiac output: decreased 

e Hypoxia 

e Hyperthermia 

e Injudicious movement of the unstable spine leading to 
worsening compression 

Local vascular changes: 

e Loss of autoregulation 

e Systemic hypotension (neurogenic shock) 

e Hemorrhage 

e Loss of microcirculation 

e Reduction in blood flow 
— Vasospasm 


— Thrombosis 


Free radical production: 
e Lipid peroxidation 
Ionic derangements: 
e Increased intracellular calcium 
e Increased intracellular potassium 
e Increased intracellular sodium and sodium 
permeability 
Apoptosis 
Neurotransmitter accumulation: 
e Excitotoxic amino acids 


Inflammation 


Loss of energy metabolism: 


e Decreased ATP production 
Edema 


Endogenous opioids: 


e Endorphins 


These include the costocervical and intercostal arteries in 
the thorax, the lumbar and iliolumbar arteries in the lum- 
bar region, and the lateral sacral arteries in the pelvis. 

The anterior spinal artery (ASA) is supplied by a series 
of 5-10 unpaired radicular arteries (that originate from the 
vertebral arteries, and aorta and its branches). This single 
artery runs in the ventral midline from the foramen mag- 
num to the filum terminale. The posterior spinal arteries 
are fed by smaller radicular arteries at nearly every spinal 
level. 
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Systemic and local vascular effects with acute SCI 


Systemic effects (neurogenic shock) 


Local effects (cord microcirculation) 


Heart rate (increased then decreased) 

Blood pressure (brief increase then prolonged decrease) 
Peripheral resistance (decreased) 

Cardiac output (decreased) 


Catecholamines (increased then decreased) 


The centripetal blood supply is derived from the poste- 
rior spinal and pial arteries. The pial arteries are lateral 
branches from the ASA and they communicate extensively 
with lateral branches originating from the posterior spinal 
arteries. The centrifugal supply is by the sulcal arteries. 
These arteries number approximately 4-5 per centimeter 
of spinal cord, and often bifurcate in the anterior median 
sulcus. The centrifugal sulcal arterial system supplies the 
anterior gray matter, the anterior half of the posterior gray 
matter, the inner half of the anterior and lateral white 
columns, and the anterior half of the posterior white 
columns.*° The intervening watershed zones are supplied 
by both the centripetal and centrifugal systems. 

After an acute SCI, both local and systemic changes occur 
to affect the spinal cord blood flow (SCBF) (see Table 16.4). 


Systemic effects 

Acute SCI can cause numerous cardiovascular and hemo- 
dynamic effects, the magnitude of which is related directly 
to the level and severity of the SCI, with the largest changes 
occurring in complete cervical injuries.” It is also one of 
the causes of neurogenic shock,” typically being related to 
the magnitude and severity of the cord injury. Neurogenic 
shock is characterized by severe autonomic dysfunction, 
resulting in hypotension, relative bradycardia, peripheral 
vasodilation, and hypothermia. It usually does not occur 
with SCI below the level of T6. Decreased sympathetic 
tone, unopposed cardiac vagal tone, and other cardiac 
changes are all contributory.®! At its extreme, systemic 
effects including hypotension and bradycardia may be pro- 
found. These changes may persist for an extended period 
of time, sometimes months. In concert with these changes, 
total peripheral resistance and cardiac output may also 
remain depressed for a prolonged period of time. 

The main cause for most of these effects is impairment 
of autoregulation following an acute SCI.°* The systemic 
hypotension (preceded by a transient hypertension) that 
occurs as a result of this can cause further decreases in 
SCBF with induced hypertension (see Endogenous 
Opioids section) not necessarily reversing the ischemia, but 
rather causing marked hyperemia at adjacent sites.*>°° The 


Mechanical disruption of spinal cord vessels 
Hemorrhage 

Loss of microcirculation 

Loss of autoregulation 

Reduction of spinal cord blood flow (SCBF) 
Vasospasm 


Thrombosis 


reason for this transient hypertension is unknown but may 
be mediated by both the thoracic sympathetic ganglions 
and the adrenal glands.°° Experimentally, it has been 
shown in animal studies that autoregulation is intact dur- 
ing the initial 60 to 90 minutes after SCI but is then lost 
coincident with the onset of ischemia. It has been sug- 
gested that the ischemic response to SCI is mediated both 
by the loss of autoregulation and by relative constriction of 
the resistance vessels.° 

Disturbances of venous drainage may play a role in the 
secondary damage that occurs after acute SCI, particularly 
in terms of exacerbating ischemia of the posterior 
columns.°’ This hypothesis gains weight by studies that 
show that venous occlusion in various pathologic condi- 
tions causes white matter lesions.”~-”” It may be that pecu- 
liarities of the venous drainage of the spinal cord make it 
more susceptible to damage. 


Local effects 


Microcirculation There is a major reduction in the micro- 
circulation of the traumatized spinal cord and lack of per- 
fusion. Also, major areas lack filling of the arterioles, 
capillaries, and venules. This occurs both at the injury site, 
and for a considerable distance cephalad and caudad in the 
cord. The ischemic zones encompass a large portion of the 
gray matter and the surrounding white matter, and are 
especially severe in white matter adjacent to hemorrhages 
in the gray matter.“ This may be due to obstruction of the 
anterior sulcal arteries that leads to the hemorrhagic 
necrosis and subsequent central myelomalacia seen at the 
site of injury. 

There also seems to be a secondary injury to the micro- 
circulation such as thrombosis or vasospasm of arterioles 
traversing the gray matter to supply the white matter. The 
large vessels of the cord such as the anterior spinal artery 
and the anterior sulcal arteries, however, almost always 
remain patent even after severe cord injury. 


Axonal conduction The relationships among the severity 
of acute SCI, motor and somatosensory evoked potentials 
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(MEPs and SSEPs), and SCBF were studied. A linear 
relationship was found between the severity of acute SCI 
and the reduction in SCBF at the injury site. Also the 
reduction in amplitude of the MEP and SSEP was signifi- 
cantly correlated with the reduction of post-traumatic 
SCBF. Both the severity of cord injury and the degree of 
post-traumatic ischemia were significantly related to post- 
traumatic axonal dysfunction. Thus, these studies provide 
quantitative evidence linking post-traumatic ischemia to 
axonal dysfunction following acute SCI.*° 


Histology Histologically, there are many changes that 
occur after an SCI. Though there are petechial and more 
confluent hemorrhages in the gray matter, there is an ini- 
tial absence of cellular and tissue necrosis. A progressive 
necrotizing process and an inflammatory cell infiltration 
that affects the gray matter and extends into the white mat- 
ter follows this early period. Throughout these changes the 
main arteries remain patent, and this has led to the conclu- 
sion that much of the vascular damage occurs primarily in 
the intramedullary vascular system. 

Also, the principle site of vascular damage is the 
endothelial cells, either by direct physical trauma or sec- 
ondary to the resultant ischemia. These alterations in 
endothelial cell function cause an increase in vascular per- 
meability and edema formation.” Endothelial damage 
occurs early, with the formation of craters, adherence of 
noncellular debris, over-riding of endothelial cell junc- 
tions, and microglobular formations occurring 1-2 hours 
after acute SCI.”° 


Free radical pathology and lipid 
peroxidation 


Molecules are composed of atoms bonded together. This 
bonding process is accomplished by the sharing of elec- 
trons. When two atoms come together and their electrons 
pair up, a bond is created. Paired electrons are quite stable; 
nearly 100% of all electrons in the human body exist in a 
paired state, and a general principle of quantum chemistry 
is that only 2 electrons can exist in one bond. 

If the bond between atoms is broken, the electrons either 
stay together (i.e. one atom gets both electrons and the 
other atom gets none) or they split up (each atom gets one 
electron). If the electrons split up, the atoms are called free 
radicals (molecules with an unpaired electron). This 
electron split is what makes free radicals both useful and 
dangerous. 

It is important to mention that there are several essential 
biochemical pathways and cell biologic phenomena that 
depend on free radicals. Examples include (but are not lim- 
ited to) mitochondrial electron transport, phagocytosis by 
macrophages and polymorphonuclear leukocytes, and 
hydroxylation reactions in the endoplasmic reticulum. 


However, among biomolecules, the unsaturated acyl 
chains in cell membrane phospholipids and cholesterol in 
membranes are highly susceptible to pathologic free radi- 
cal damage. This is due to: 


1. Their inherent structure (polyunsaturated acyl chains are 
normally unconjugated and the a-methylenic carbons 
between carbons with double bonds have allylic hydrogen 
that can readily enter into free radical reactions). 

2. The 700% greater solubility of molecular oxygen within 
nonpolar compared to aqueous environments (the 
most nonpolar regions of a cell are generally the 
hydrophobic portion of the membranes; the phospho- 
lipid acyl chains and the cholesterol comprise the 
hydrophobic portion of cell membranes, with the 
exception that organelle membranes are usually devoid 
of cholesterol, which is usually found in close associa- 
tion with phospholipids only in the plasma membrane 
and myelin). 

3. Molecular oxygen has outer orbitals that have unpaired 
electrons, thereby conferring upon oxygen certain 
properties of free radicals such as magnetic susceptibil- 
ity (due to the magnetic moment of an unpaired elec- 
tron in orbit) and the ability to initiate free radical 
chain reactions among susceptible molecules that lack 
sufficient antioxidant neighboring molecules.“ 


The consumption of a major CNS antioxidant, ascorbic 
acid, in the ischemic or traumatized tissues occurs before 
the loss of the lipids, and is an important factor in estab- 
lishing the free radical nature of some of the pathologic 
changes. 

Free radicals most commonly form from molecular oxy- 
gen. Superoxide (O,) is formed by incomplete electron 
transport in mitochondria. Superoxide is converted to H,O, 
by superoxide dismutase and this in turn to H,O and O, by 
catalase. In the presence of free iron, released from hemo- 
globin, transferrin, or ferritin by either lowered pH or oxy- 
gen radicals, H,O, forms highly reactive hydroxyl radicals 
(HO). These, if unchecked, can cause geometrically pro- 
gressive lipid peroxidation, spreading over the cellular sur- 
face and causing impairment of phospholipid-dependent 
enzymes, disruption of ionic gradients, and, if severe 
enough, membrane lysis. This process also forms more lipid 
peroxides and consequently more free radicals.“ 

After experimental SCI, there appears to be a persistent 
accumulation of cyclooxygenase-1 (COX-1)-expressing 
microglia/macrophages and upregulation of COX-1 
expression by the endothelium.” This substance, produced 
by the conversion of arachidonic acid, contributes to 
reduced blood flow by causing platelet aggregation and 
vasoconstriction.’* It can also contribute to an inflamma- 
tory response and lipid peroxidation.” 

Cyclooxygenase-2 (COX-2) has been studied recently as 
a putative contributor to secondary injury. COX-2 mRNA 
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and protein expression is also induced after experimental 
SCI.*° It may represent a common substrate linking mem- 
brane damage and excitotoxicity in SCI. Indeed, selective 
inhibition of COX-2 improves outcome after spinal cord 
insult in preliminary animal investigations.” 

Though still not completely established, in SCI the initi- 
ation of the free radical reactions following impact is prob- 
ably mediated by the initial extravasation of blood in the 
central gray matter and perhaps by coenzyme Q autoxida- 
tion when spinal cord ischemia (hypoxia) occurs. The 
hemorrhages are minute and petechial, but they provide 
inorganic iron and copper from the plasma, as well as iron 
and copper from RBCs that extravasate and lyse. Iron com- 
pounds such as hematin can accelerate the autoxidation of 
unsaturated lipids by five orders of magnitude. Further, the 
concentration of highly polyunsaturated fatty acyl (PUFA) 
chains in membrane phospholipids is greatest in the cen- 
tral gray matter; PUFAs are very susceptible to free radical 
reactions, particularly in the presence of iron, or copper.“ 


lonic derangements 


Potassium and calcium Potassium ions (K*) and calcium 
ions (Ca**) play important roles in the central nervous 
system (CNS). Intracellular K* activity ([K*]i) is normally at 
least 20 times greater than extracellular K+ activity ([K*]e). 
The resultant transmembrane K* gradient controls 
membrane potentials, action potential conduction, and 
active transport of sodium ions (Na*). Increases in cell 
membrane permeability to K* produce rises in [K*]e. 
Because normal [K*]e is 3—4 mmol/liter (mM), small 
changes in [K*]e profoundly alter neuronal activity. Cells 
typically maintain very low intracellular Ca’* activity 
([Ca*]i), <100 nmol/liter (nM) in contrast to extracellular 
Ca” activity ({Ca**]e) of >1.0 mM. Owing to this very large 
gradient, Ca** ions readily enter cells when membrane 
permeability increases. Ca’ entry into cells links membrane 
activity with cellular functions. Large Ca”* influxes into cells 
have been postulated to kill hepatocytes, myocytes, 
peripheral nerves, myelin, and spinal axons.*! 


Potassium changes Contusion that occurs causes a dis- 
ruption of a large proportion of cells at the impact site. 
This disruption leads to a large increase in extracellular K, 
with a rise from 4 mM to 54 mM. One hour after impact, 
approximately 50% of K is lost from the impact site. By 3 
hours, only 35% of pre-injury tissue K remains at the 
impact site. 


Consequences of potassium depletion Cells do not repos- 
sess K* ions released into the extracellular space at the 
impact site. K is gone from the impact site, not merely 
equilibrated between the intra- and extracellular compart- 
ments. The cells not initially disrupted by the contusion 


also lose intracellular K*, due to increased permeability of 
cell membranes depolarized by elevated [K*]e. 

The surviving cells tend to distribute in the outer rim of 
the spinal cord, the part least susceptible to ischemia. Note 
that the effects of [K*]i depletion are likely to outlast the 
[K*]e changes. K* ions released into extracellular space 
should be rapidly cleared by diffusion and glial transport. 
81.85 (K*]i restoration depends on active ionic transport. 

Ironically, rapid recovery of [K*]e to normal levels will force 
ionic restitution mechanisms to work against steeper trans- 
membrane ionic gradients. One consequence of low [K*]i will 
be depolarization of cells in the presence of normal [K*]e. 
This may explain the paradoxical loss of spontaneous activity 
or conduction block occasionally observed in ischemia and 
SCI even when [K*]e appears to be normalized.*! 


Potassium diffusion The K* spilt from the damaged cells is 
absorbed either into the spinal cord itself, into the CSF, or 
into the blood. The far majority (70%) of K* is absorbed 
into the cord surrounding the impact site. Three hours after 
the injury (the time it takes for the blood-brain barrier to 
break down) increased amounts of K* are lost into the CSE. 
However, diffusion into the CSF and blood is negligible 
during the periods of ischemia***’ and spreading depres- 
sion.**8+8? Spreading depression is a transient, slowly prop- 
agating wave of tissue depolarization that can be evoked by 
mechanical stimulation, and has been associated with 
ischemia or traumatic brain injury. Each wave lasts for 1-2 
minutes; waves of spreading depression have been observed 
to occur for several days after injury. In a model of ischemia, 
these waves have been shown by MRI to precede neural 
damage, with infarct volume increasing by up to 23% after 
each wave. Spreading depression is of non-neuronal origin, 
being mediated by astrocytes, and neurons are only secon- 
darily affected. Two different, interacting mechanisms help 
to propagate spreading depression from cell to cell: a gap 
junction-mediated pathway and an ATP-purinergic path- 
way. While most of the work on spreading depression has 
been done in the brain, recent studies have shown that 
spinal cord astrocytes can mediate spreading depression via 
the ATP-purinergic pathway after edema. 


Calcium changes Extracellular calcium [Ca**]e recorded 
with ion-selective microelectrodes is typically greater than 
1.2 mM in uninjured spinal cords and brain. [Ca”*]i in the 
spinal cord is not known with certainty, but some estimates 
suggest <100 nM?, negligible compared to [Ca°]e. The 
amounts of Ca changes at the impact site appear small 
when compared with the K changes. On an ion-by-ion 
basis, the Ca shifts constitute a minor fraction of the ionic 
changes at the impact site. But the Ca changes must be con- 
sidered in light of the lower pre-injury [Ca’*]e levels and 
the higher proportion of bound Ca versus free Ca?* in the 
spinal cord. [Ca**]e remains at <0.1 mM for hours after the 
injury at the impact site. 
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Calcium diffusion Uptake of Ca by intact cells plays only 
a small role in the persistent low [Ca”*]e levels found after 
injury at the impact site. Active uptake into the CSF is very 
difficult, due to the large concentration gradient and rapid 
drop of [Ca’*]e. Inorganic phosphate plays a major role. 

Phosphate binds strongly with Ca** to form phosphate 
complexes, most notably hydroxyapatite or Ca;(PO,);(OH). 
The association constant of Ca?* with the phosphate ion 
(H,PO,) is pK —7.2.%! Tissue concentrations of inorganic 
phosphates often exceed 5 mM. Calcium phosphate is quite 
insoluble. Hydroxyapatite has a solubility product of pK 58.6 
and is less sensitive to pH than other Ca complexes.” At pH 
<6.5, other Ca complexes transform to hydroxyapatite when 
phosphates are available.”*-*> Ca?’ ions diffusing to the 
impact site sequester inorganic phosphates and precipitate 
as hydroxyapatites or other complexes, i.e. ‘amorphous cal- 
cium deposits’ 

There are sufficient phosphates in the tissue to buffer large 
quantities of Ca**. ATP turnover, for example, can provide 1- 
2 mM of phosphate. Extreme depletion of cellular phosphates 
due to sequestration by Ca** explains the rapid losses of ATP 
and other metabolic derangements in injured spinal cords.”°”” 


Pathologic consequences of calcium influx The finding of 
early Ca accumulation at the impact site preceding onset of 
gross tissue necrosis argues for a causative role of Ca** in 
cell damage. The intracellular volume of axons at the 
impact site is likely to be a tiny fraction of the total axo- 
plasm available to buffer Ca** ions entering the axon. 
Furthermore, the critical metabolic apparatus of cells giv- 
ing rise to the axons is situated far from the lesion site and 
therefore is not as accessible to the entering Ca** ions. 
In contrast, cell bodies situated at the lesion site are more 
vulnerable to the damaging effects of Ca’* influx.” 


Apoptosis (programmed 
cell death) 


Cell death that occurs after SCI occurs either through 
necrosis or apoptosis. Necrotic cell death occurs passively, 
resulting from the actual tissue mechanical damage and 
resultant release of destructive lysozymes, ion fluxes, and 
disturbed cell membranes producing an inflammatory 
response that has long been understood to be the sole com- 
ponent of neuronal tissue death and the ultimate clinical 
neurologic ramifications of acute SCI. 

In contradistinction to necrotic cell injury, apoptosis is 
associated with physiologic or programmed cell death.”*”” 
It is an actively regulated response and there are a variety 
of morphologic criteria that distinguish apoptotic from 
necrotic cell death. 

Apoptotic cell death occurs a single cell at a time, while 
necrotic cells normally die in groups. Although cell 


membranes may undergo blebbing during apoptotic cell 
death, they do not lose their structural integrity as do cells 
undergoing necrotic cell death. Cells undergoing apoptotic 
death actually shrink, forming apoptotic cell bodies which 
contain cleaved DNA. In contrast, necrotic cells swell and 
lyse which incites a significant inflammatory response. 
Thus, although both apoptotic cell bodies and necrotic 
cells may be phagocytosed by tissue macrophages, apop- 
totic cell bodies do not incite any type of inflammatory 
response and thus undergo a ‘silent’ cell death. 

At the molecular level, there are many distinct morpho- 
logic and biochemical changes occurring during apoptosis, 
including chromatin condensation, DNA fragmentation 
into oligonucleosome-sized fragments, and the com- 
paction of chromatin into uniformly dense masses. The 
constant biochemical event which occurs in apoptosis is 
the activation of an endonuclease which cleaves DNA at 
internucleosomal linker sites. 

The biochemical criteria for distinguishing apoptotic 
from necrotic cell death are also quite well established. 
Apoptotic cell death is induced by physiologic stimuli, 
either external or internal, while necrotic cell death arises 
from nonphysiologic disturbances. Apoptotic cell death is 
a tightly regulated process with a sequence of activation 
steps that requires energy and specific macromolecular 
synthesis as well as de-novo gene transcription.!°° This pre- 
cedes the nonrandom oligonucleosomal length DNA frag- 
mentation which is the common final pathway of eventual 
apoptotic cell death. In contrast, during necrotic cell death 
there are no energy requirements because there is no de- 
novo gene transcription, and thus no new protein or 
nucleic acid synthesis occurring.!°"!° The cellular DNA is 
randomly digested following cell lysis by macrophages that 
are solicited following the inflammatory response. 

There are several features of SCI that suggest apoptosis 
plays a key role in the pathophysiology. 

Increases in intracellular Ca** occur after SCI and are 
important in post-traumatic cell death. Ca**-dependent 
breakdown of DNA and protein also occurs in apoptosis. 
Hypoxia and free radical formation follow SCI, and are 
processes known to trigger p53-mediated DNA repair and 
apoptosis. Glutamate excitotoxicity has been established as 
a key event following neural trauma and has also been 
linked to apoptosis.” (see Excitotoxins section). 

It is thought that oligodendrocytes are the major cell 
type in compressive SCI that undergoes apoptosis!°”'!°? 
seen in areas of wallerian degeneration and detectable 
between 24 hours and 3 weeks postinjury.!°* The mecha- 
nism behind this is unclear, but it may occur as a result of 
adverse changes in the cellular environment resulting in 
axonal demyelination or as a result of wallerian degenera- 
tion, or by a combination of both of these processes.!0>1% 
Apoptosis occurs around the lesion epicenter as well as 
within areas of wallerian degeneration in both ascending 
and descending white matter tracts.'”” 
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Another component playing a role in apoptosis is the cal- 
pains (calcium-activated neutral proteases). They degrade 
cytoskeletal proteins and mediate necrotic and apoptotic cell 
death. Their activation is triggered by calcium influx and 
oxidative stress, resulting in neurodegeneration. Calpeptin (a 
calpain inhibitor) and methylprednisolone administered 
after SCI resulted in diminished protein breakdown.'% 
Calpeptin was associated with a reduction in the internucle- 
osomal DNA fragmentation indicative of apoptotic cell 
death. The inhibition of cytoskeletal protein degradation 
suggests that calpeptin may be neuroprotective by decreasing 
cellular death and inhibition of cytoskeletal breakdown. 

Some forms of experimental treatment of SCI are aimed 
at limiting the histologic injury, such as the oncogene Bcl- 
2, which regulates the antioxidant pathway, thus limiting 
free radical generation. Similarly, cycloheximide treatment 
can improve outcome after contusion trauma in the spinal 
cords of rats.'!° 


Excitotoxins 


Endogenously released excitatory amino acids may con- 
tribute to injury in the CNS in several different disorders, 
including epilepsy, neurodegenerative diseases, and cere- 
bral ischemia.''? The acidic amino acids glutamate and 
aspartate are widely distributed within the CNS and serve 
as excitatory neurotransmitters. It has long been recog- 
nized that these substances may be neurotoxic.” 

N-methyl-p-aspartate (NMDA), quisqualate, and kai- 
nite are receptors of excitatory amino acids. Selective 
NMDA receptor antagonists, injected directly into the 
brain, protect hippocampal neurons from cell death fol- 
lowing cerebral ischemia!'* and hypoglycemia.'!? NMDA 
receptors also play a role in neurotransmission in the spinal 
cord, 4115 

Most selective NMDA antagonists do not readily cross 
the blood-brain barrier, and hence their effects only 
appear after direct CNS administration. MK-801 [(+)-5- 
methyl-10,11-dihydro-5H-dibenzol [a,d]cyclo-hepten- 
5,10-imine maleate] is centrally active following systemic 
administration. It is a selective, noncompetitive antagonist 
that is use-dependent, requiring activation of receptors for 
its effect to be demonstrated.''® 

MK-801 significantly improves neurologic outcome 
after traumatic spinal cord injury. Moreover, NMDA, but 
not its levo isomer, significantly exacerbates the conse- 
quences of traumatic injury. From these data it is suggested 
that excitotoxins, released in response to injury and acting 
in part through the NMDA receptor, contribute to the sec- 
ondary pathophysiologic effects after trauma that lead to 
irreversible tissue damage.” These findings extend the 
excitotoxin hypothesis of CNS injury to trauma, in addi- 
tion to their proposed role in neurodegenerative diseases, 
epilepsy, and ischemia.''! 


The exact mechanism of how these excitatory amino 
acids produce their neurotoxic actions is still not clear. One 
hypothesis suggests that such a toxicity is a result of neu- 
ronal depolarization and sustained excitation, leading to 
accumulation of intracellular Na and Cl and loss of energy 
reserves, then to cellular edema and lysis.!!7 A second 
hypothesis proposes that neurotoxicity of excitatory amino 
acids is mediated by an influx of extracellular calcium. A 
third hypothesis is a mixture of the previous two, with an 
early response, associated with neuronal swelling, which is 
dependent upon extracellular sodium and chlorine and 
can be demonstrated in the absence of extracellular cal- 
cium; a more delayed response, leading to cell death, is 
dependent upon the presence of extracellular calcium.''® 


Inflammation 


The CNS is relatively ‘immune privileged’, meaning that 
under normal conditions there is minimal immune sur- 
veillance. This is partly due to the blood-brain barrier, a 
specialized structure made up of endothelia and astrocytic 
end-feet that separates the circulatory and the central ner- 
vous systems, and tightly regulates passage of molecules 
and cells between them. Thus, few immune cells are found 
in the healthy CNS. Upon injury, however, the blood-brain 
barrier is physically and functionally altered, blood vessels 
become leaky, and cells of the immune system invade the 
CNS, triggering an inflammatory response. The immedi- 
ate, but transient, appearance of neutrophils characterizes 
the early immune response. The next phase of the immedi- 
ate early inflammatory response that follows SCI is medi- 
ated mainly by two groups of leukocytes — T lymphocytes 
(or T cells) and macrophages. T cells are antigen-specific; 
each is activated by a specific stimulus (or antigen) that is 
frequently just a part of a molecule. They reside in the 
major immune organs, circulate through the body in the 
lymphatic system, and can home in to sites of injury where 
they migrate into the surrounding tissue. If activated by 
binding to their respective antigen, they increase their 
release of cytokines and are cytotoxic to target cells. 
Macrophages, on the other hand, are not antigen-specific. 
They circulate, but also reside in various tissues. Best 
known for their phagocytic properties, macrophages also 
have important functions in antigen presentation, cytokine 
secretion, and cytotoxicity. Quiescent macrophages resid- 
ing within the CNS are known as microglia. 

The molecular basis of spinal cord inflammation draws 
from a vast arsenal of known immunologic molecules, 
including cytokines and chemokines, as well as growth fac- 
tors, trophic factors, and other agents. Cytokines, of which 
there are about 60, regulate cell-cell communication 
between immune cells. They are small proteins that pro- 
duce local and transient effects. Chemokines are chemo- 
tactic molecules that attract immune cells, helping them to 
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‘home’ to sites of inflammation. Frequently, the cells 
producing these regulatory molecules also bear receptors 
for them, participating in a complex network of self- 
regulating and local interactions that orchestrate the pro- 
liferation of immune cells and then the subsequent decline 
of immune activity. 

TNF-@ (tumor necrosis factor-) is perhaps the most 
extensively studied cytokine amongst the many involved in 
SCI. It can be produced by a number of different cell pop- 
ulations, including neutrophils, astrocytes, macrophages 
and microglia, and T cells,'!? and has been shown to accu- 
mulate rapidly at the site of spinal cord injury.'”° 

There are studies that have revealed both the neurotoxic 
and neuroprotective properties of TNF-c.'*! For example, 
inhibiting TNF-a after CNS injury with antibodies or 
other cytokines has been shown to promote functional 
recovery, suggesting a cytotoxic role for TNF-a.!!7118 
Conversely, some in-vitro studies have demonstrated TNF- 
a to be neuroprotective against excitotoxic death.'!?*!7° 
Along the same line, transgenic mice lacking TNF-o recep- 
tors (making them presumably insensitive to the effects of 
endogenous TNF-a) have actually demonstrated greater 
tissue loss and functional deficits than wild-type mice after 
spinal cord injury, suggesting that TNF-a would have 
mediated a neuroprotective effect.'!° 

TNF-a clearly has beneficial and deleterious effects, 
probably dependent on the timing of its release after 
the injury, and on which cellular populations it is acting. 
Other cytokines, such as interleukin (IL)-10 (which is pro- 
duced by many of the same cells as TNF-), are considered 
to have potent anti-inflammatory properties." The 
administration of (IL)-10 has been shown to be neuropro- 
tective after experimental spinal cord injury, possibly by 
inducing anti-apoptotic genes.'!® Also, although phago- 
cytic macrophages that rapidly invade the SCI site have tra- 
ditionally been implicated in the further destruction of 
neural tissue, it has recently been suggested that the 
macrophage response to CNS injury is in fact an inade- 
quate one, and that the poor regenerative response after 
SCI as compared with peripheral nerve injury is related in 
part to the more pronounced macrophage invasion in the 
latter.''*!° This line of investigation has led to a phase I 
human clinical trial in which activated macrophages have 
been implanted into the spinal cords of acutely injured 
patients. 

These examples provide some insights into the enor- 
mous complexity of the inflammatory and immune 
response to SCI. The conflicting actions of TNF-a and 
other factors described above reflect a growing awareness 
that the view of inflammation as a detrimental, neurotoxic 
process best inhibited by anti-inflammatory agents, such as 
corticosteroids, is a gross oversimplification.'!*!*° If the 
inflammatory response is deleterious to recovery, one 
approach might be to eliminate the immune cells that 
mediate this response. This is still under research. 


Loss of ATP-dependent cellular 
processes 


The ATP-dependent cellular processes are affected in SCI 
in two successive stages, one in the first 4 hours and the 
second between 4 and 24 hours. Throughout the 24-hour 
period, the total adenylates and concentrations of ATP, P- 
creatine, and lactic acid are relatively constant. However, 
the difference between the two stages is in the sequence of 
changes in the lactate/pyruvate ratio, the energy change, 
and the tissue levels of pyruvate and glucose. 

After the first 15 minutes, there is a decline in glucose 
concentration in the spinal cord. This is due to both the 
utilization of glucose stores and the impediment of proper 
glucose transport to the impact site. However, after the 
initial 15 minutes up till 4 hours there is a rise in glucose 
as replenishment occurs. 

The tissue levels of both glucose and pyruvate become 
supranormal between 4 and 24 hours. Also, there is a slight 
rise in energy changes and the lactate/pyruvate ratio falls to 
normal levels. 

The increase in tissue glucose and pyruvate levels sug- 
gested a stimulation or release of the glycolytic rate from its 
previously depressed state. Decline in the lactate/pyruvate 
ratio implies that oxidative pathways are operative. The 
mechanism(s) responsible for the increased metabolic rate 
are not known.” In those areas where edema was minimal 
or diminishing, some recovery of metabolic rate would be 
expected.'”” The rise in tissue glucose levels between 4 and 
24 hours may be due to increased perfusion to microre- 
gions within the injured segment, perhaps coupled with an 
augmented glucose transport from blood.!*8 

Two theories have previously been advanced to explain 
the prolonged depression of the adenylate pool and tissue 
ATP levels in the oligemic cerebrum. First, during 
ischemia, ATP is dephosphorylated to ADP and AMP, and 
the size of the adenine nucleotide pool is diminished sec- 
ondary to the degradation of AMP to inosine monophos- 
phate (IMP) and adenosine.'”? Since many of the AMP 
metabolites are diffusible and resynthesis of adenine 
nucleotides is slow, the size of the adenylate pool may be 
subnormal for extended periods.” Consequently, insuffi- 
cient levels of ADP and AMP may prevent adequate resyn- 
thesis of ATP.'*! Second, it has been suggested that lack of 
ATP resynthesis and persistent depression of total adeny- 
lates reflect irreversible tissue damage.’?”1°!!° Histologic 
studies after compression injury of the spinal cord showed 
hemorrhagic necrosis of gray and white matter and promi- 
nent ischemic nerve cell change.'**'*4 Thus, the injured 
segment may present a spectrum of tissue injury ranging 
from normal to necrotic. Consequently, the sequence of 
metabolic changes may reflect an averaging of these 
necrotic, anaerobic, and aerobic areas. For the initial 
4 hours, anaerobic metabolism likely predominates. 
However, between 4 and 24 hours there appears to be an 
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increasing percentage of oxidative metabolism in the 
remaining metabolically viable tissue.*° 


Edema 


Edema in the spinal cord is defined as a significant increase 
in the water content of the tissue. Impact trauma to the 
spinal cord causes vascular damage at the site of injury, 
which results in extravasation of serum proteins and an 
increase in tissue water. There is a direct relationship 
between the formation and spread of edema and the 
magnitude of trauma leading to the SCI. 

The spread of edema longitudinally, rostrally, and cau- 
dally in the white matter after trauma is likely to be associ- 
ated with the development of tissue pressure gradients 
between the area adjacent to the injury site and areas more 
rostral and caudal. 


Endogenous opioids 


Following SCI, significant vascular changes occur (see 
Vascular changes section). There is a reduction in SCBF, 
which begins in the central gray region shortly after trauma 
and progresses in a centripetal fashion to involve the long 
white matter tracts in the early hours after injury.!35-137 
Since autoregulation of SCBF is often impaired following 
spinal injury,'**'*? blood flow depends more directly upon 
blood pressure; thus, the hypotension that often accompa- 
nies injuries to the cervical and upper thoracic spinal 
cord'” may potentiate the progressive ischemia initiated by 
spinal trauma. Under these conditions, restoration of 
blood pressure should augment SCBF and reduce subse- 
quent ischemia, thereby improving neurologic outcome. 
Unfortunately, pressor agents have not been helpful in 
improving blood pressure after spinal injury,'*! proba- 
bly due to the rapid development of tachyphylaxis. '*? 

It is suggested that endogenous opioid peptides (endor- 
phins) contribute to the hypotension in spinal injury. 
Naloxone (an opiate antagonist) treatment improves blood 
pressure and SCBF and is associated with less prominent 
spinal cord changes and significantly improved neurologic 
recovery. 
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Part III 


Neurologic pathologies responsible for the 
development of the neurogenic bladder 


17 


Systemic illnesses (diabetes mellitus, sarcoidosis, 
alcoholism, and porphyrias) 


Ditlev Jensen and Bjørn Klevmark 


This chapter on peripheral neuropathies comprises four 
systemic illnesses. Among these diseases, diabetes mellitus 
is the only one where a neurogenic bladder is a well-known 
complication. Hence, there is a separate summary after the 
diabetes mellitus section, and a short conclusion for the 
three other conditions at the end of the chapter. 


Diabetes mellitus 


The two major forms of diabetes mellitus (diabetes) are 
type 1 (A and B) and type 2. Type 1A is caused by an 
autoimmune destruction of the pancreatic Langerhans 
islet beta cells. Type 1B affects few patients and is without 
immunologic markers. Insulin deficiency is common for 
1A and 1B. Type 2 is a heterogeneous disease characterized 
by insulin resistance, impaired insulin secretion, and 
increased glucose production.' Type 2 usually occurs at an 
older age. The two types affect men and women almost 
evenly, and seem to be equally susceptible to complica- 
tions, which are similar for both.” 

The prevalence of diabetes is difficult to ascertain. For all 
age groups, a world-wide estimate of 2.8% was given for 
2000. In 2005, also concerning all ages, 7% of the population 
in the USA had diabetes.* Among adults the world-wide esti- 
mated prevalence was 5.1.° The prevalence for both types is 
increasing, and a more rapid increase in type 2 is expected.” 
Among school-age children in the USA the prevalence of 
type 1 is 1.9 per 1000. It is increasing with age, from 1 in 1430 
children at age 5 to 1 in 360 at age 16; both sexes are almost 
equally affected. In Western Europe the prevalence among 
children is markedly highest in Denmark and Finland.’ 


Complications 


The main complications are the vascular and the neuro- 
genic ones; the latter are probably the most common.°® 


Clinical syndromes of diabetic peripheral 
neuropathy 


Mononeuropathy of cranial, trunk, or limb nerves 

Mononeuropathia multiplex 

Painful lumbosacral radiculoplexus neuropathy 

Atrophic lumbosacral radiculoplexus neuropathy 
(diabetic amyotrophy) 

Symmetric lower limb proximal neuropathy 

Symmetric upper and lower limb distal polyneuropathy 

(most common) 

Autonomic neuropathy 

Mixed forms 


Diabetic neuropathy occurs throughout the world, and is 
equally distributed among men and women. Available 
information indicates a prevalence of about 50% for 
patients with diabetes of 25 years’ duration. Neuropathy is 
present in less than 10% when diabetes is discovered.’ In 
children the most common complication is peripheral 
neuropathy, which was found in 11% of diabetic patients 
from 8 to 15 years of age.'° 

Diabetic peripheral neuropathy can be separated into 
eight clinical syndromes (Table 17.1).''-!? Autonomic 
neuropathy is the cause of the neurogenic bladder. It is 
often combined with one of the other syndromes, most 
often with the symmetric upper and lower limb distal poly- 
neuropathy. In that case the clinical manifestations of 
autonomic neuropathy usually appear at a later stage 
than those of the other syndromes. 


Peripheral innervation 


The lower urinary tract has autonomic innervation of the 
bladder and urethra, and somatic innervation of the 
striated part of the urethral wall and of the striated 
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periurethral sphincter (m. pubococcygeus). In peripheral 
neuropathies only lesions of the parasympathetic nerves to 
the bladder (nn. pelvici) will result in a neurogenic bladder. 
Both the afferent and efferent arms of the micturition 
reflex are located in the pelvic nerves. Lesions of somatic 
nerves (n. pudendalis) can influence voiding by changing 
the striated sphincter function. Lesions of the sympathetic 
nerves (nn. hypogastrici) can alter tension in the bladder 
neck and urethra. Sympathectomy in humans does not 
change the clinical pattern of voiding. Peripheral local 
reflexes and feedback mechanisms can be disturbed by 
peripheral neuropathies. 


Pathologic anatomy and 
pathogenesis 


In the diabetic autonomic neuropathy, neuron degenera- 
tion as well as neurons with vacuoles and granular deposits 
are found. There is a loss of myelinated nerve fibers in the 
vagus and splanchnic nerves, and a neuronal loss in the 
spinal cord intermediolateral columns.'? Alterations such 
as beading, thickening, and fragmentation of postganglionic 
sympathetic axons adjacent to the bladder have been 
demonstrated.'* Also shown is a reduced density of acetyl- 
cholinesterase-positive-staining parasympathetic nerves in 
the bladder wall." If the impairment of mechano-responsive 
nociceptors found in diabetic small-fiber neuropathy’® also 
applies to the bladder receptors, this may explain some 
afferent aspects of the diabetic bladder. 

The pathogenesis of the neuropathologic changes may 
be related to the functional state of the vasa nervorum. If 
these are blocked by atherosclerosis, ischemia is the cause 
of the degenerative changes. If the vessels are open, another 
pathologic nerve metabolism will take place. However, 
divergent study conclusions confuse the role of microvas- 
cular transformation." Four hypotheses have been put 
forward to explain how hyperglycemia may lead to chronic 
complications in diabetes.! 

The first hypothesis suggests that increased intracellular 
glucose gives rise to an advanced glycosylation end product 
that crosslinks proteins, accelerates atherosclerosis, pro- 
motes glomerular dysfunction, and induces endothelial 
dysfunction. The second hypothesis assumes that in the 
state of increased intracellular glucose, some of the glucose 
is converted to sorbitol. This substance acts as a tissue 
toxin, and may be a factor in the pathogenesis of retinopa- 
thy, neuropathy, cataracts, nephropathy, and aortic dis- 
ease." The third hypothesis proposes that hyperglycemia 
increases the formation of diacylglycerol, leading to activa- 
tion of isoforms of protein kinase C, which in turn alters, 
among others, extracellular matrix proteins around 
endothelial cells and neurons. The fourth hypothesis sug- 
gests that hyperglycemia may alter the function of the 


hexosamine pathway. This can change the gene expression 
of the transforming growth factor beta. The transforming 
growth factor beta, together with other growth factors, is 
suspected of playing an important role in the proliferative 
deviations demonstrated in different tissues. 

Whether all pathophysiologic processes are responsible 
for all complications, or whether certain processes predom- 
inate in certain organs is so far not fully understood.! 
According to present knowledge, diabetic autonomic neu- 
ropathy may be of multifactorial origin.” Hyperglycemia is 
still considered to be a possible common cause by way of 
increasing the production of mitochondrial superoxide. The 
superoxide may activate all four pathways.'! Concerning 
the detrusor muscle, after studying a rat model of diabetes, 
the authors suggested that changes in the length-tension 
ratio may be due to an adaptation to the increased diuresis 
following diabetes.*! Another rat model has revealed an 
increase in a marker of sympathetic innervation as well as a 
decrease in a marker of parasympathetic innervation (tyro- 
sine hydroxylase and vesicular acetylcholine transporter, 
respectively). These are early events during diabetes-related 
bladder dysfunction and remodeling.” 

No exact data on the prevalence, incidence, and risk fac- 
tors of the diabetic neurogenic bladder (diabetic cystopa- 
thy) are available.*** In different studies, the figures vary 
between 20 and 80%,*>”° and are even quoted by other 
authors as between 2 and 83%.” Most patients with a dia- 
betic neurogenic bladder show prominent signs of other 
long-term diabetic complications. Their bladder dysfunc- 
tion appears to be related to the severity of diabetes, not to 
its duration.” 

Little information has been obtained on the diabetic 
neurogenic bladder among children. The few cases found 
are anecdotal.” 


Examinations 


To diagnose dysfunction of the lower urinary tract, some 
or most of the investigations shown in Table 17.2 may be 
necessary. The bladder symptoms have an insidious onset, 
characterized by a progressive failure of bladder emptying. 
Sensory nerve function is usually impaired at an early 
stage. Patients are not adequately warned to empty the 
bladder, and a situation occurs which may lead to increased 
voiding intervals, difficult initiation, and increasing vol- 
umes of residual urine. This can sometimes result in 
chronic total retention with overflow incontinence. Males 
may already have noticed an impairment of erection before 
the occurrence of bladder symptoms.*”*!~*” 

In diabetes, isolated autonomic neuropathy is rare. Most 
common is the mixed form. At the clinical neurourologic 
investigation of this condition, a diminished superficial 
and deep sensation may be found in the lower limbs and in 
the perianal region. Knee and ankle jerks are depressed or 
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Neurogenic bladder: examinations 


History 

Clinical examination 

Frequency volume chart 

Pad test (in cases of incontinence) 
Residual urine 

Uroflowmetry 


Uroflowmetry with rectal pressure recording (eventually with 
electromyography (EMG)) 


Pressure flow study (eventually with EMG) 

Cystometry 

Cystometry with rectal pressure (eventually with EMG) 
Ambulatory monitoring 

Urethral pressure profile 

EMG 

Evoked responses 

Urethrocystoscopy 

Ultrasonography 


Radiology (urography, micturition urethrocystography, 
CT, MRI) 


wholly absent, and a similar lack of reaction is found in the 
anal skin reflex and the bulbocavernosus reflex. The digital 
exploration of the rectum may show a reduced external 
anal sphincter tonus, with no response to cough and 
voluntary contraction. 

In cases of reduced sensory function the frequency 
volume chart will show either infrequent voiding of large 
volumes or frequent voiding of small volumes (chronic 
retention of urine). Residual urine is measured with ultra- 
sonography. If uroflowmetry is not normal (Figure 17.1) a 
flowmetry with rectal pressure recording should be done. 
This can demonstrate the use of abdominal straining 
during voiding (Figure 17.2). To evaluate the strength of 
detrusor and a bladder outlet obstruction, a pressure flow 
study is necessary. Cystometry has been performed as con- 
ventional cystometry, usually with the nonphysiologic fill- 
ing rate of 50 ml/min. However, conventional cystometry 
is considered traumatic to bladder afferents and impairs 
detrusor contractility.” The Standardisation Sub- 
Committee of the International Continence Society rec- 
ommends now that filling rates are divided into 
physiologic and nonphysiologic rates.” All the three uro- 
dynamic studies can be combined with electromyography 
(EMG) from urethral or periurethral striated muscles 
(Table 17.2). The usual finding in a patient with a diabetic 
neurogenic bladder is a sensory hypoactive bladder with 
desire to void at a larger volume than normal, and often 
reduced detrusor contractility (Figure 17.3). 

However, some elderly diabetic patients have suffered 
vascular complications affecting the brain or the spinal 
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Figure 17.1 

Uroflowmetry. Emptying with interrupted flow (Qura) causing a 
prolonged voiding time of 216 s. The voided volume (Vura) is 
341 ml, maximum flow rate 12.5 ml/s, average flow rate 3.0 
ml/s, and residual urine 118 ml. VB: void begins, VE: void ends. 
Prolonged interrupted voiding in a patient with sensory 
hypoactive neurogenic bladder. Same patient as in Figures 17.3 
and 17.5. 
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Figure 17.2 

Uroflowmetry with rectal pressure measurement. Voiding starts 
with abdominal straining and continues with a combination of 
detrusor contraction and abdominal straining. Most probably 
motor hypoactive neurogenic bladder. 


cord above the conus medullaris. In such cases the central 
nervous lesion may cause increased tendon reflexes and 
neurogenic overactive detrusor (Figure 17.4). 

The urethral pressure profile is usually normal. When 
the striated muscles of the external anal sphincter, the male 
bulbocavernosus muscle and the female urethral wall stri- 
ated muscle are investigated with needle electrode EMG, 
denervation potentials can be demonstrated (Figure 17.5). 

Pseudomyotonic activity may also be a sign of peripheral 
nerve affection of the pelvic floor muscles (Figure 17.6)."! 
The latency of the first component of the evoked bulbo- 
cavernosus reflex is delayed only in patients with an 
advanced peripheral neuropathy. This reflex investigation 
only assesses conduction velocity in somatic nerves, not in 
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Figure 17.3 

Cystometrogram with electromyography (EMG). Cystometry with 
filling rate 100 ml per minute. Moderate intravesical pressure 
rise (Pves) of 10 cmH,0 at 600 ml of filling (Vinfus). Filling 
stopped. No feeling of filling and no detrusor contraction. Small 
artifacts due to coughing. The electromyographic activity from 
the female urethral wall striated muscle is minimal and does not 
show the normal increase during filling (concentric needle 
recording, integrated signal, EMGave). Sensory hypoactive 
neurogenic bladder with peripheral neurogenic striated muscle 
affection. 
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Figure 17.4 

Cystometrogram with rectal pressure recording and 
electromyography (EMG). Recorded are bladder and intra- 
abdominal (rectum) pressures, concentric needle EMG from 
external anal sphincter (sphincter ani EMG) and the same 
sampling as an integrated EMG. After filling of nearly 50 ml an 
uninhibited bladder contraction is elicited. A repeated rise in 
bladder pressure as well as a synchronous increase in EMG 
activity occurs. There is no sign of voluntary contraction, the 
rectum pressure remains flat. Intravesical pressure increases 
during coughing; the EMG activity boosts by eliciting the 
bulbocavernosus reflex. Neurogenic overactive detrusor with 
detrusor-sphincter dyssynergia in patient with encephalopathy. 


autonomic fibers.’ In men, during urethrocystoscopy, at 
a level just below the pelvic floor, the voluntary and reflex 
contraction of the periurethral striated sphincter can be 
visually evaluated. The bladder wall is usually smooth 
without trabeculation. In females, the bladder neck may be 
open or closed. Ultrasonography gives information about 
the caliber of the upper urinary tract, and the size, form, 
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Figure 17.5 

Electromyography from the female urethral wall striated muscle. 
Concentric needle electromyographic recording. Two bursts of 
polyphasic denervation potentials are consistent with peripheral 
neurogenic striated muscle affection. 
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Figure 17.6 

Electromyography from the female urethral wall striated muscle. 
Concentric needle electromyographic recording. A: The normal 
resting activity is interrupted by bursts of complex repetitive 
discharges (CRD) of almost regular amplitude and rate. B: The 
CRD potentials depicted at high speed monitoring. The finding, 
also called pseudomyotonic activity, is consistent with 
peripheral neurogenic striated muscle affection. 


and consistency (cysts) of the kidney. Urography may often 
be a necessary screening investigation of the kidneys and 
the upper urinary tract. Vesicoureteral reflux can, however, 
only be demonstrated by micturition urethrocystography 
(MUCG). If a urethral dysfunction is suspected, MUCG is 
the necessary radiologic investigation.** At all anatomic 
levels of the urinary tract, X-ray can be supplemented by 
CT and MRI. 
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Autonomic neuropathy in a patient with diabetes can 
have many other etiologies. The main groups of such con- 
ditions are metabolic, infectious, spinal, and degenerative. 
Examples are vitamin B12 deficiencies, herpes infections, 
lumbar disc prolapse, and multiple system atrophy.* 
Therefore, a detailed case history and thorough clinical 
examination is mandatory. 


Diagnosis and treatment 


The cardinal clinical symptoms of diabetes mellitus are 
polyuria, polydipsia, and weight loss. Further diagnostic 
criteria are a random blood glucose of 11.1 mmol/l or 
higher, or a fasting plasma glucose of 7.0 mmol/l or higher, 
or during the oral glucose tolerance test, a two-hour 
plasma glucose of at least 11.1 mmol/l. In asymptomatic 
individuals, a positive fasting plasma glucose will be suffi- 
cient. If necessary repeated tests have to be performed 
before a proper diagnosis can be made. For type 1 diabetes, 
insulin is vital for survival. Type 2 is usually treated with 
peroral antidiabetics. Insulin may, however, be added to 
control hyperglycemia.' Additional risk factors for neu- 
ropathy are hypertension, smoking, and alcohol consump- 
tion as well as high cholesterol and triglyceride levels.” In 
order to control the disease, it is important to modify these 
factors by securing a strict dietetical regimen. All patients 
will benefit from physical exercise. Recent studies have 
shown that islet cell transplantation can result in insulin 
independence with an excellent metabolic control.** This 
method has even effectively restored the liver to coordi- 
nated pulsatile insulin delivery.“ 

The diabetic neurogenic bladder with residual urine is 
treated with bladder training and eventually intermittent 
catheterization (CIC). In cases of motor hypoactive blad- 
der, cholinergic agonists may be tried. If detrusor-sphinc- 
ter dyssynergia is present, 0,-adrenergic blockers may be 
indicated. In cases of neurogenic overactive detrusor, anti- 
cholinergic drugs (antimuscarinics) are appropriate. For 
some patients, a urinary diversion may be the preferred 
treatment. Details are given elsewhere in this book. 


Summary 


Diabetic peripheral neuropathy has eight clinical syn- 
dromes. Autonomic neuropathy is the cause of the diabetic 
neurogenic bladder, and results from pathologic metabolic 
processes in the parasympathetic pelvic nerves and/or the 
central nervous system. The bladder is usually sensory 
hypoactive and, to a lesser degree, motor hypoactive. 
Neurogenic bladder is often combined with one of the 
other clinical syndromes. Clinical neurourologic and 
urodynamic investigations show characteristic findings. 


However, many etiologies other than diabetes are possible. 
Treatment is usually by means of a bladder-emptying 
regimen, supplemented by CIC if necessary. 


Sarcoidosis 
Prevalence 


Sarcoidosis, known as Mb Boeck or Besnier—Boeck— 
Schaumann disease [Boeck, Caesar, 1845-1917, Professor 
of Dermatology, Christiania (Oslo)],“* is a relatively com- 
mon disease that affects individuals of both sexes, and 
most ages, races, and geographic locations. Females seem 
to be slightly more susceptible than males. Among adults, 
the prevalence is from 10 to 40 per 100000 in both the 
USA and Europe. A high prevalence is found in The 
Netherlands, Great Britain, and the Scandinavian coun- 
tries.” The peak incidence in both sexes is around the age 
of 25-30 years. In Scandinavia and Japan there is a second 
peak of incidence in women who have passed 50 years of 
age.°! The disease is infrequent below the age of 15, and 
especially below 9 years of age. It is estimated that about 
6% of all affected by the disease are children.” 


Pathologic anatomy 


Sarcoidosis is a chronic, multisystem disorder of unknown 
etiology. The disease may be a result of an exaggerated 
acquired or inherited cellular immune response to a limited 
class of persistent antigens or self-antigens.”” Invading anti- 
gen is recognized by helper T-lymphocytes and antigen- 
presenting cells. Influenced by a complex cytokine cascade, 
monocyte macrophages fuse to form multinucleated giant 
cells and epithelioid cells. Conchoid, stellate, and residual 
inclusion bodies are often found in the giant cells.” 
Characteristics are an accumulation of lymphocytes and 
mononuclear phagocytes, noncaseating epithelioid granu- 
lomas, as well as derangements of the normal tissue archi- 
tecture. Most organs are involved, the disease, however, 
only manifests itself in organs where it affects function, or 
is otherwise easily observed.“ No disease has more multi- 
farious manifestations.” 


Neurosarcoidosis 


Neurogenic damage can occur at any site along the whole 
neuraxis. In adults, the prevalence of neurogenic compli- 
cation is 5%, for 48% of these it was the initial manifesta- 
tion of sarcoidosis.** The proportion of peripheral 
nervous involvement is 25-67%.°°°>°° The central 
nervous system is often assailed. Among 68 patients 
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with neurosarcoidosis, 38% had a central nervous basal 
leptomeningeal MRI enhancement, and 43% had 
multiple cerebral or spinal white-matter lesions.” In 
some rare cases, multiple sarcoidosis lesions can clinically 
mimic multiple sclerosis or spinal cord abnormalities.” 
Neurosarcoidosis is unusual in children,” but the precise 
prevalence is not known.*? 


Pathologic anatomy 


The pathologic findings in peripheral nerves are scattered 
perineural changes and sarcoid granuloma infiltration 
between nerve fibers, giving rise to practically all types 
of nerve involvement. This includes focal and multifocal 
sensorimotor neuropathy, multifocal subacute or chronic 
sensorimotor neuropathy, chronic symmetric sensory 
polyneuropathy, subacute multifocal sensorimotor neu- 
ropathy with conduction block, and progressive lesion of 
the cauda equina. The type of neuropathy is most consis- 
tent with axonal degeneration with a multifocal pattern. 
When granulomas infiltrate the epineurium, little or no 
nerve fiber damage occurs, except in cases where the gran- 
ulomas induce necrotizing vasculitis giving rise to nerve 
ischemia. If the endoneurium and the surrounding blood 
vessels are infiltrated, serious damage to the nerve fibers 
and their function is the consequence.* 


Neurogenic bladder 


If the autonomic nerves innervating the lower urinary tract 
are affected, a neurogenic bladder, as described in the section 
on diabetes mellitus, can occur. Likewise, if the central ner- 
vous system is affected, detrusor overactivity can be found. 
Only a few cases of neurogenic bladder due to neurosar- 
coidosis have been urodynamically investigated and reported: 
one patient showed neurogenic detrusor overactivity due 
to a cerebral frontal lobe lesion, two patients suffered from 
neurogenic detrusor overactivity with detrusor-sphincter 
dyssynergia caused by thoracic intramedullary lesions, and 
one patient had neurogenic detrusor overactivity without 
dyssynergia due to a cervical lesion, and an autonomic dys- 
reflexia as well.’ Seeding of granulomas in the subarach- 
noidal space has caused polyradiculopathy, simulating the 
demyelinating polyradiculoneuropathy Guillain-Barré syn- 
drome. Among 17 patients, 6 were noted with micturition 
difficulties. According to the clinical information given, 
they probably had both the upper and lower types of the 
neurogenic bladder. 


Diagnosis and treatment 


The acute or subacute sarcoidosis manifests itself in 20— 
40% of the cases during some weeks with fever, fatigue, 


malaise, anorexia, or weight loss. These complaints are 
mostly mild, but in nearly 25% they are pronounced.” 
Respiratory problems and polyarthritis may accompany. 
Scandinavian and Irish females are frequently stricken 
by Léfgren’s syndrome of sarcoidosis with erythema 
nodosum, bilateral X-ray hilar adenopathy, and joint 
symptoms. The Heerfordt—Waldenstrém syndrome of sar- 
coidosis includes fever, parotid gland enlargement, anterior 
uveitis, and peripheral facial nerve palsy, usually of a bilat- 
eral kind. The insidious progress develops over months in 
40-70% of patients, a period most often associated with 
respiratory symptoms only. In 10% of patients, organs 
other than the lungs give rise to the initial inconvenience. 
Patients with an insidious presentation commonly evolve 
the chronic disease with permanent damage to the organs 
affected. 

The erythrocyte sedimentation rate is raised in the active 
phase. Anemia, neutropenia, lymphopenia, hypergamma- 
globulinemia, and hypercalcemia may also be present. The 
angiotensin-converting enzyme (ACE) is raised in 60% of 
cases, but is also present in other conditions, like diabetes 
and alcoholic liver disease.” The most important single 
criterion for the diagnosis of sarcoidosis is the histologic 
finding of typical granulomas in more than one organ, and 
an exclusion of other granulomatous diseases.°° Even if sar- 
coid granulomas are rarely found in nerve biopsy speci- 
mens, this procedure is of importance when combined 
with biopsy of the corresponding muscle. In patients with 
sarcoid neuropathy, this muscle is nearly always affected. 
Finding granulomas in muscle tissues will always exclude 
tuberculoid leprosy, since leprous granulomas never affect 
muscles.°° 

Sarcoidosis is often self-limiting, and the prognosis on 
the whole is good.” When indicated, the therapy includes 
the use of glucocorticoids, methotrexate, azathioprine, 
cyclophosphamide, or hydroxychloroquine, which is an 
antimalarial drug. For patients in a final stage of the dis- 
ease, a bilateral lung transplantation is a possible therapy. 
A recurrence of sarcoid in the transplant is, however, to be 
expected in 30-80% of cases. 

Handling the neurogenic urinary bladder caused by this 
illness is according to the recommendations given in the 
diabetes section. 


Alcoholism 
Definition and prevalence 


The drinking of ethanol (alcohol) is a universal behavior, 
and is performed by 80% of all people. One definition of 
alcoholism (the primary type) is when there is physical evi- 
dence that alcohol has harmed a person’s health, including 
signs of an alcoholic withdrawal syndrome. According to 
the fourth edition of the American Diagnostic and Statistical 
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Manual of Mental Disorders (DSM-IV), alcohol dependence 
is repeated alcohol-related difficulties in at least three of 
seven areas of functioning that cluster together over any 12- 
month period.°”** Alcoholism is seen in all races, ethnic, 
and socioeconomic groups. The exact prevalence of alco- 
holism is, however, difficult to determine. An estimate is 
that 10 million men and women in the USA, or approxi- 
mately 10% of the nation’s labor force, has a drinking 
problem.® In most Western countries the lifetime risk 
for alcohol dependence is 10-15% in men and 5-8% in 
women. In addition to the ethanol, the congeners found in 
alcoholic beverages which may contribute to body injuries 
with heavy drinking are methanol, butanol, aldehydes, 
esters, histamine, phenols, tannins, iron, lead, and cobalt. 


Biochemistry 


Ethanol is absorbed from the mucous membranes 
through the whole digestive tract. The molecule is weakly 
charged and moves easily through cell membranes, rapidly 
equilibrating between blood and tissues. A certain amount 
of ethanol is excreted directly through lungs, urine, and 
sweat. In the liver, the major portion is metabolized in the 
cell cytosol by alcohol dehydrogenase (ADH) to acetalde- 
hyde. This, in turn, is rapidly destroyed by aldehyde dehy- 
drogenase (ALDH) in the cytosol and mitochondria. In 
high blood alcohol concentrations, microsomes are 
responsible for some disintegration by oxidation. The cel- 
lular effects of chronic ethanol consumption may remain 
several weeks after the cessation of drinking. In the 
interim, neurons require ethanol to function optimally at 
this stage. The person has in that way developed physical 
dependence.’ 


Clinical neuropathology 


Alcohol-related neurologic disorders affect the brain, 
brainstem, cerebellum, and the peripheral nerves. 
Polyneuropathy is the most common chronic disease,” 
affecting 5-15% of alcoholics.® The precise prevalence is 
unknown. In some reports men and women seem to be 
nearly equally affected, even though three-quarters of alco- 
holics are men, which suggests that women may be more 
susceptible to alcoholic polyneuropathy than men.” 
Alcohol can also interfere with the absorption of various 
vitamins, e.g. folate, pyridoxine (B6), thiamine (B1), nico- 
tinic acid (B3), and vitamin A.* Polyneuropathy is a result 
of thiamine deficiency and/or a direct toxic effect of 
ethanol and acetaldehyde.®’ The body’s storage of thiamine 
is low. The half-life of thiamine is only about 14 days. A 
continuous intake of food is therefore vital to prevent lack 
of this important vitamin.” 


Alcoholic polyneuropathy usually presents as a gradual 
development of a distal, symmetric, sensoric, and motoric 
disease. Axonal degeneration, as well as segmental demyeli- 
nation, are the main factors in this pathologic process.*”° 
The degenerative process is most intense in the distal direc- 
tion; the nerve roots are spared, except in advanced cases. 
Unmyelinated fibers are also involved.'' A loss of sympa- 
thetic and parasympathetic nerve fibers as well as ganglion 
neurons has also been observed.” 


Autonomic dysfunction 


Clinical manifestations of autonomic dysfunction are 
unusual in uncomplicated alcoholic peripheral neuropa- 
thy.”* Previous references to affection of the lower urinary 
tract are sparse; a peripheral as well as a myelopathic neu- 
rogenic overactive bladder has been reported.****”> More 
recently, three more cases have been reported, all with a 
peripheral nervous lesion, two with huge urinary reten- 
tion.’”*”” Interestingly, one woman also developed a severe 
distended bladder. The time of onset, however, suggested 
that this was induced by alcohol withdrawal.’* This 
conclusion is according to the statement that neurons 
need alcohol in order to function optimally in the phase of 
abstinence. 


Diagnosis and treatment 


The identification of alcohol abuse is often problematic. 
Information from relatives and questionnaires can be help- 
ful. Attention to alcohol-related problems as well as labo- 
ratory tests may expose the actual situation. Elevated levels 
of gamma-glutamyl transferase (GGT) and carbohydrate- 
deficient transferrin (CDT) are nearly 80% sensitive for the 
diagnosis. High normal values of erythrocyte mean cor- 
puscular volume (MCV) and serum uric acid may also 
indicate an abnormal use of alcohol.‘ The clinical symp- 
toms develop gradually over weeks or months, but may 
also arise acutely within days. Fatigue, irritability, and 
muscle cramps appear at an early stage of nutritional defi- 
ciency. Signs of neuropathy follow a more prolonged state. 
A mild sensory loss and dysesthesias associated with aching 
and cramping in the legs often precede distal sensory loss 
and weakness in both feet and hands. 

In cases with neurogenic bladder, a clinical neurouro- 
logic and urodynamic investigation will show the same 
findings as for diabetic neurogenic bladder. The latency of 
the evoked bulbocavernosus reflex is shown to be least 
normal in patients with alcoholic polyneuropathy.” 

The therapy of alcoholics is a very demanding task, and 
is here only intimated. Motivational interviews as well 
as courses for detoxification are crucial. Preventing 
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a withdrawal syndrome is also essential. It is equally 
important to substitute vitamins, particularly thiamine. 
Tranquilizers and the ALDH inhibitor disuliram or acam- 
prosate may be added. The exact mechanism of action of 
acamprosat is as yet unknown. It may, however, stimulate 
the GABA (gamma-aminobutyric acid) system, and inhibit 
the NMDA (N-methyl-b-aspartate) reseptor system. 

The therapy of the neurogenic bladder is as described in 
the section on diabetes. 


Porphyrias 
Definition and biochemistry 


Porphyrias comprise a group of eight hereditary disorders — 
five hepatic and three erythropoietic — with porphyrin 
accumulation in either the hepatic or erythropoietic tissues. 
The disease is due to inherent or acquired enzymatic dis- 
turbances in heme biosynthesis. Each of the eight types is 
characterized by a specific pattern of overproduction, accu- 
mulation, and excretion of metabolic products of heme. 
In the acute hepatic porphyrias, an overproduction of 
porphyrin precursors occurs, whereas the substance is 
porphyrin in the cutaneous types.”**** The synthesis of 
heme involves cooperation between the mitochondrial and 
cytosolic compartments, and is controlled by the hepatic 
free intracellular heme in a negative feedback loop. 
Initially, succinyl coenzyme A and glycine combine to form 
delta-aminolevulinic acid (ALA) catalyzed by ALA syn- 
thase. Then two molecules of ALA are condensed to the 
circular structure of porphobilinogen (PGB). The interme- 
diates of porphyrinogens arise through six further stages, 
resulting in the iron-containing terminal product heme. As 
a major part of the hepatic heme is used to synthesize 
cytochrome P-450 enzymes, the hepatic ALA synthase and 
cytochrome P-450s are regulated in an integrated way.*? P- 
450 is a protein complexed to cytochrome oxidase, located 
in hepatic microsomes. Functioning as a catalyst, it decom- 
poses various endogenous and exogenous substances, 
including drugs. 


Types and attacks 


Neurologic symptoms are present in four of the hepatic 
porphyrias: delta-aminolevulinic acid dehydratase defi- 
cient porphyria (ADP), acute intermittent porphyria 
(AIP), variegate porphyria (VP), and hereditary copropor- 
phyria (HCP). The two latter types also have cutaneous 
manifestations.*? ADP is an autosomal recessive disorder 
described in only a few patients. The three other hepatic 
types in question are transmitted as autosomal dominant 
disorders. The acute attacks of symptoms are similar, often 


precipitated by intake of a vast number of different drugs, 
including barbiturates, estrogens, contraceptives, sulfon- 
amides, griseofulvin, meprobamate, phenytoin, valproic 
acid, ergots, steroids, and succinamides. These attacks are 
caused by an imbalance in the ALA synthase and P-450 sys- 
tem released by the drugs, giving rise to increased ALA pro- 
duction. By the same mechanism, alcohol, starvation, 
infections, and fever may also provoke the attacks. 8%8485 


Prevalence and distribution 


AIP (Swedish porphyria) is the most common of the three 
relevant hepatic types with neurogenic affection, occurring 
world-wide with a prevalence estimated to be between 1 in 
5000 and 1 in 50000. This type of disorder becomes clini- 
cally manifest after puberty, with an onset usually between 
20 and 50 years of age. It is far more frequent in females 
(65%) than in males (35%). The highest prevalence occurs 
in Scandinavia and the United Kingdom.®°*)** VP (South 
African genetic porphyria) has a higher prevalence of 3 in 
1000 in South Africa than elsewhere. Affected individuals 
in South Africa have been identified as descendants of a 
Dutch female settler who immigrated in 1688. The disease 
is, however, distributed world-wide. It is probably less 
common than AIP, and has no racial or geographic 
predilection.8°*! HCP seems to occur less frequently than 
AIP, but since the disease is more gentle and more likely to 
express itself only in a latent form, the true frequency is dif- 
ficult to ascertain. Racial predilections are unknown.*!** 


Neuropathology 


In rapidly fatal cases the central and peripheral nervous 
systems may be without traceable pathologic lesions. 
Otherwise, patchy areas of demyelination with or without 
destruction of the axis cylinders can be observed through- 
out the nervous system. Chromolysis may appear in the 
neurons of the anterior horns, in the cranial nerve nuclei, 
the spinal ganglia, the celiac ganglion, and the cerebral cor- 
tex. The most dramatic changes will, however, be seen in 
the peripheral nerves and supporting cells. Here, a degen- 
eration of the axons with secondary demyelination is 
found, whereas inflammatory or vascular lesions are lack- 
ing.!*848° Autonomic function studies have demonstrated 
abnormalities of both sympathetic and parasympathetic 
nerves.” 

The mental disturbances seen in porphyrias may be due 
to an elevated PBG that mimics serotonin, thereby acting 
as a false neurotransmitter. Another pathway may be that 
ALA blocks normal GABA neurotransmission. ALA is 
structurally related to GABA and is a partial agonist of 
GABA, which is the major inhibitory neurotransmitter in 
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the central nervous system.** The mechanisms behind the 
second type of abnormality, the structural neuronal dam- 
age, are so far not understood. They may be related to a 
direct neurotoxicity of elevated levels of ALA.’ 

Two further modes of action also warrant discussion.** 
The first one suggests that, due to the enzyme deficiency, 
there will be a lack of heme-containing proteins for the 
transportation of oxygen and electrons, and for the 
cytochrome P-450 system. A widespread disturbance of 
the neuronal function due to a failure in the oxidative 
energy metabolism is consequently to be expected. But no 
morphologic changes resembling the effects of hypoxia or 
hypoglycemia have been found. 

The second mechanism suggested also seems rather 
unlikely. A failure of the cytochrome P-450 system might 
lead to axonal damage due to an inability to detoxify drugs 
or their metabolites. The AIP-inducing drugs are, however, 
not neurotoxic, and many of them have effects contrary to 
those seen in AIP. The final action requires neurotoxicity of 
the accumulated ALA and PBG. In humans, no evidence 
has so far proved that these metabolites are directly neuro- 
toxic in the amount found during porphyric attacks. This 
is also the case in mice porphyric models. The primary 
motor axon neuropathy histologically demonstrated in the 
animal developed chronically and progressively, and with 
normal or slightly increased plasma and urine levels of 
ALA. These data suggest that heme deficiency and a conse- 
quent dysfunction of heme proteins can cause porhyric 
neuropathy.” 


Diagnosis and treatment 


Clinical symptoms are similarly distributed in the three 
types of porphyrias in question. Recurrent attacks are 
reported lasting from days to months, varying in frequency 
and severity. The main features are initial abdominal pain, 
psychotic symptoms, peripheral acute or subacute proxi- 
mal or distal polyneuropathy or mononeuritis multiplex, 
trunkal sensory loss, and the excretion of colorless por- 
phyrinogens in urine, turning red or purple when exposed 
to light and air.™!>8%84 In the acute attack, progressive 
muscle weakness can give rise to a respiratory and bulbar 
paralysis, and can be fatal without a correct diagnosis and 
treatment. The most common manifestations, including 
abdominal pain, however, are a result of autonomic neu- 
ropathy. Other symptoms due to autonomic failure include 
tachycardia, postural hypotension, hypertension, fever, 
sweating, retinal artery spasm, and urinary retention.*° In 
two female patients with porphyria and acute urinary 
retention cystoscopy was normal, whereas the cystometro- 
gram shifted to the right.” The same diagnostic consider- 
ations as described for the diabetic neurogenic bladder 
apply for the porphyrias. 


Autonomic neuropathies which may cause 


neurogenic bladder 


Disorders without associated somatic peripheral neuropathy: 
primary disorders 


e Acute and subacute autonomic neuropathy 
Pure pandysautonomia 
Pure cholinergic dysautonomia 
e Chronic 
Pure autonomic failure 
Disorders associated with somatic peripheral neuropathy: 
secondary disorders 
e Hereditary 
Amyloid disease (also secondary amyloidosis) 
Porphyrias 
e Metabolic 
Diabetes mellitus 
Chronic renal failure 
Chronic hepatic failure 
Vitamin B12 deficiency 
e Alcoholism and nutritional disorders 
e Sarcoidosis 
e Connective tissue disorders: immune-complex diseases? 
Systemic lupus erythematosus 
Rheumatoid arthritis 
Mixed connective tissue disease 
The vasculitis syndromes 
e Malignancy: paraneoplastic remote effect of cancer 
e Toxins 


Antineoplastic agents, certain other drugs, heavy 
metals, organic solvents 


In serum, severe hyponatremia and hypomagnesemia 
may be present. In reference laboratories the porphyrin 
isomers in urine and feces can be separated and defined 
by high-performance liquid chromatography. Molecular 
genetic and enzyme analysis makes a precise identification 
of the genetic basis of each porphyria possible.*** In the 
third step of the heme metabolic pathway, failure of por- 
phobilinogen deaminase causes AIP. In urine the excretion 
of PBG exceeds that of ALA. Failure of coproporphyrino- 
gen oxidase in the sixth step results in HCP with ALA, PBG, 
and coproporphyrin III in the urine. In the seventh step, 
failure of the protoporphyrinogen oxidase enzyme leads to 
VP. The urine amount of ALA is higher than that of PBG. 
Coproporphyrin III is also present. 

It is important to avoid porphyrogenic drugs and pro- 
longed starvation as well as excessive physical stress with- 
out consuming carbohydrates. During an acute attack, 
hyponatremia has to be regulated slowly to prevent central 
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pontine myelinolysis. Carbohydrate nutrition is important, 
if necessary administered as a glucose infusion. The most 
direct and immediate therapy is intravenous heme. The 
mortality rate due to acute attacks is less than 10%.°*** 

If a neurogenic bladder is present, the same therapy as 
proposed in the diabetes section is recommended. 


Conclusion 


Autonomic neuropathy with a neurogenic bladder has only 
rarely been shown in sarcoidosis, alcoholism, and porphyr- 
ias. Different classifications of autonomic neuropathy are 
accounted for in tabular versions.'27474°!)? A selection 
relevant for this chapter is given in Table 17.3. 

A correct diagnosis of the four conditions of this chapter 
is often dependent on vital investigations not mentioned so 
far. In clinical practice, spinal fluid analysis, depiction of the 
central nervous system with computer tomography as well 
as magnetic resonance imaging, extremity nerve conduc- 
tion measurement, and electromyography of skeletal 
muscle studies, among others, may be required. 
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Other peripheral neuropathies (lumbosacral 
zoster, genitourinary herpes, tabes dorsalis, 


Guillain-Barré syndrome) 


Vincent WM Tse and Anthony R Stone 


Introduction 


Peripheral neuropathy is a rare but significant cause of 
storage and voiding dysfunction. An adequate working 
knowledge of the underlying pathophysiology, clinical pre- 
sentation, diagnosis, and management of such a dysfunc- 
tion is essential in any urologist’s armamentarium. The 
neuropathy affecting the bladder often takes the form of an 
autonomic neuropathy, which may involve both the sym- 
pathetic and parasympathetic, as well as afferent and effer- 
ent, innervation of the bladder and urethra, leading to 
alteration of bladder sensation, the sacral reflex arc, detru- 
sor-sphincter synergy, and detrusor contractility. The cause 
of the neuropathy can be metabolic, iatrogenic, traumatic, 
infective, or immunologic. The focus of this chapter is 
on the infective and immunologic disorders which may 
lead to peripheral neuropathy: namely, lumbosacral herpes 
zoster, genitourinary herpes simplex, tabes dorsalis, and 
Guillain-Barré syndrome. 


Neuropathic bladder 
associated with infection by 
the herpes virus family 


The herpes virus family consists of DNA viruses which are 
relatively large and made up of 162 cylindrical capsomeres. 
Four members of this family affect humans: namely, her- 
pesvirus hominis (herpes simplex virus (HSV) types 1 and 
2), herpes varicellae (varicella-zoster virus), cytomegalovirus, 
and infectious mononucleosis virus. The first two types are 
more commonly encountered clinically. However, with 
respect to neuropathic bladder dysfunction, varicella-zoster 
infection is a more common cause than anogenital herpes 
simplex (type 2), although the latter can present with acute 


urinary retention as a result of micturitional pain rather than 
a direct viral neurogenic inflammation.' Cytomegalovirus 
and infectious mononucleosis have not been reported to 
cause neuropathic bladder dysfunction. 


Lumbosacral herpes zoster 
Pathophysiology 


Herpes zoster is a varicella-zoster virus infection 
manifested by circumscribed painful vesicular eruption of 
the skin and mucous membrane. Urinary retention afflicts 
3.5% of patients with active herpes zoster infection, and is 
most commonly seen in infection of the sacral dorsal root 
ganglia (78%), followed by thoracolumbar (11%), and 
higher thoracic levels (11%).’ The urinary retention typi- 
cally presents concurrently with or within a few days fol- 
lowing the onset of the rash,’ and is thought to be due to a 
sensory neuropathy from inflammatory reaction in the 
dorsal nerve roots and ganglia, which spreads proximally 
and distally to the sacral segments of the cord, with inter- 
ruption of the micturition reflex.’ If the sacral micturition 
center is involved, a parasympathetic motor neuropathy 
may also contribute to the urinary retention.’ In herpes 
zoster affecting the thoracic and lumbar segments, urinary 
retention has been explained by activation of the lumbar 
sympathetic outflow, resulting in increased tone of the 
bladder neck and internal urethral sphincter.® Virus parti- 
cles and neurotropic factors have been identified in neu- 
rons and supporting satellite cells in the sensory ganglia 
and within peripheral sensory nerves of the corresponding 
dermatome, thus explaining the origin of the dermatomal 
distribution of the rash and associated pain.’ The virus 
may also cause inflammation of the spinal cord,* which 
may manifest as a myelitic disorder of the long tracts.’ 
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Clinical features 


Herpes zoster infections can occur sporadically in healthy 
subjects with previous exposure to varicella (chickenpox), 
or in the immunocompromised, most notably the elderly, 
diabetics, transplant patients, and patients with the 
acquired immunodeficiency syndrome (AIDS). A distinc- 
tive feature is the localization of the rash, which may 
involve one or two, and sometimes more, adjacent der- 
matomes. Those with bladder involvement usually have a 
classic zoster skin eruption in a sacral dermatomal distrib- 
ution, typically affecting one or more of adjacent S2, $3, or 
S4 areas. The lesions can be either unilateral or bilateral, 
though the former predominates. In unilateral skin or 
bladder mucosal involvement, bilateral depression of the 
reflex arc, resulting in urinary retention, may still occur. 
This is because the virus affects not only the ipsilateral 
dorsal root ganglion and nerve but may also involve the 
meninges and the contralateral nerve roots.' Both sexes are 
affected equally but bladder involvement is more common 
in males.’ There is no age predilection for bladder dys- 
function, which may even occur in the pediatric popula- 
tion as young as the neonate or infant.'° 

Focused neurologic examination may reveal reduced or 
absent sensation to light touch and pinprick in the perineal 
or perianal areas. The anal and bulbocavernosus reflexes 
are often depressed or absent. The patellar (L2, 3, 4) and 
Achilles tendon (S1) reflexes may also be impaired, 
depending on the level of the neuritic inflammation. The 
Babinski sign is usually negative. Motor function is rarely 
affected.’ Digital rectal examination may reveal a loaded 
rectum consistent with neurogenic rectal involvement.*” 
Cystoscopy may reveal mucosal eruptions ipsilateral to the 
side of skin involvement.” 


Clinical and urodynamic diagnosis 


The diagnosis should be suspected in any young, healthy, 
sexually active individual as well as in those who are 
immunocompromised and present with acute urinary 
retention. Attention should be directed at examination of 
the perineal and perianal skin areas for the typical skin 
eruptions, which, together with antibodies against the 
virus (in cerebrospinal fluid and serum), would be diag- 
nostic. Midstream urine should be collected to exclude 
bacterial infection. Urodynamic study in the acute phase 
typically reveals detrusor areflexia or hyporeflexia with 
decreased sensation of bladder filling.” Electromyography 
(EMG) is often difficult to perform in the acute phase due 
to painful blistering perineal skin. It has been reported that 
external anal sphincter EMG and bulbocavernosus reflex 
latency were often normal.’* All urodynamic changes are 
reversible and usually resolve within 4—8 weeks. A urinary 
tract ultrasound, or intravenous pyelography (IVP) if evi- 
dence of hematuria, should be performed to exclude upper 


tract or pelvic pathology such as hydronephrosis or pelvic 
mass. A cystoscopy is recommended if there is associated 
hematuria to exclude bladder involvement or the presence 
of other intravesical pathology. 


Treatment and prognosis 


Management of zoster-induced urinary retention consists 
of simple analgesics, antiviral medications, and clean inter- 
mittent catheterization (CIC) for a period of 4-8 weeks 
during which the detrusor slowly returns to normal. 
Patients should be reassured that the voiding dysfunction is 
transient and full return to normal detrusor behavior is 
expected. Repeat urodynamics should be performed on 
follow-up to confirm this. Dermatologic opinion should be 
sought at the outset so that appropriate topical manage- 
ment for the blistering rash can be instituted to prevent 
development of superimposed bacterial cellulitis. 
Postherpetic neuralgia is rare but may occur. 


Genitourinary herpes simplex 
Pathophysiology 


Infections with the HSV are common in humans. Like 
varicella-zoster, the virus may afflict the young and healthy 
as well as the immunocompromised. There are two types: 
type 1 is associated with orofacial infections and rarely 
involves the genitals, whereas type 2 is anogenital and often 
occurs after the onset of sexual activity." The rash of her- 
pes simplex is very similar to varicella-zoster but the distri- 
bution of the former is different, being limited to the face 
for type 1 and to the genitalia for type 2. Both HSV and the 
varicella-zoster virus may become dormant in the dorsal 
root ganglia after the initial infection, a feature called neu- 
rotropism. Within the cutaneous nerves that are afferent to 
the infected ganglia, viral proteins as well as perineural and 
intraneural inflammation have been demonstrated,’® giv- 
ing evidence that neurotropic factors may be transported 
between cutaneous nerve endings and the corresponding 
dorsal root ganglia, thus explaining the dermatomal distri- 
bution of postherpetic neuralgia and the development of 
the characteristic eruption in varicella-zoster. 


Clinical features 


Urinary retention in patients with anogenital herpes is not 
uncommon. Most cases are due to severe dysuria caused by 
direct contact of urine with the blistering urethral 
mucosa.” It is often seen in sexually active young adults, 
with no sexual predilection; though in men, it is often in 
the homosexual population. True neurogenic urinary 
retention in anogenital HSV infection is rare and occurs in 
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less than 1% of cases.'* In these cases, the onset of bladder 
dysfunction occurs typically 1-2 weeks after the onset of a 
vesicular and painful rash in the anogenital region. The 
pathogenesis of the neurogenic retention with HSV is 
localized lumbosacral meningomyelitis, with involvement 
of mainly sacral nerve roots, or infectious neuritis that 
affects the pelvic nerves,' thus resembling varicella-zoster. 
Aseptic meningoencephalitis and myelitis may occur. 
Neurogenic bowel may supervene, leading to constipation. 

The neurologic findings are similar to those of its 
varicella-zoster counterpart. There may be blunting of sen- 
sation to light touch and pinprick over the sacral der- 
matomes. The bulbocavernous and anal reflexes are often 
intact, but may be reduced or absent, which suggests sacral 
involvement. Motor function is not affected. 


Clinical and urodynamic diagnosis 


The diagnosis can be clinched from the history, character- 
istic rash, and raised level of anti- HSV immunoglobulin M 
(IgM) titers. Depending on the patient’s sexual habits, a full 
oropharyngeal, rectal, genital, and vaginal speculum exam- 
ination should be performed to assess disease extent and to 
exclude other sexually transmitted diseases. Midstream 
urine should be collected to exclude bacterial infection, 
and appropriate investigations should be performed 
if other sexually transmitted diseases are suspected. 
Counseling is advised for contact tracing and treatment. 

Urodynamically, there is often detrusor areflexia with 
impaired or absent sensation of bladder fullness. The 
detrusor is also acontractile. These changes are fully 
reversible, often within 4-8 weeks, but recovery taking up 
to months has been reported.'”"” 


Treatment and prognosis 


Treatment is directed towards effective bladder drainage 
during the areflexic and acontractile phase by CIC for 
about 4-8 weeks. Any superimposed urine infection 
should be treated, but prophylactic antibiotics are not nec- 
essary. Follow-up should include repeat urodynamics to 
document full recovery of both storage and voiding phases 
of the micturition cycle. The patient should be reassured 
that the bladder dysfunction is temporary and reversible. 
Systemic antiviral therapy may be indicated in some 
patients to shorten the course of skin lesions. Postherpetic 
neuralgia is a rare but significant complication. 


Caveat 


Although the pathology and management of HSV and 
HZV are similar, it is important to point out that bladder 
dysfunction is an uncommon complication of herpes virus 
infection. Any patients, especially in the younger age group, 


who present with unexplained bladder dysfunction with- 
out the typical skin lesions should be investigated for 
neurologic pathology, some of which includes multiple 
sclerosis, lumbosacral disc prolapse, lumbar canal stenosis, 
spinal cord or brain tumors, other forms of viral sacral 
radiculomyelitis, spina bifida occulta, primary bladder 
neck obstruction, or Fowler’s syndrome. 


Neuropathic bladder 
dysfunction from tabes 
dorsalis 


Pathophysiology 


Syphilis is a sexually transmitted disease caused by the spiro- 
chete Treponema pallidum. Voiding dysfunction secondary to 
neurosyphilis is nowadays a very rare finding in the developed 
world, but may still be endemic in some underdeveloped 
countries. Approximately 10% of patients with primary 
syphilis will develop neurosyphilis. More males are affected 
than females. There are different types of neurosyphilis: 
asymptomatic, meningovascular, and parenchymatous.” The 
asymptomatic form only has positive cerebrospinal fluid. The 
meningovascular form involves the vasculature and meninges. 
If it affects the lumbosacral spinal cord, bladder dysfunction 
may result. As the posterior spinal cord mediates sensation, 
lumbosacral meningomyelitis may cause decreased bladder 
sensation and increased bladder capacity. Parenchymatous 
neurosyphilis includes syndromes known as tabes dorsalis 
and general paresis of the insane. Tabes dorsalis is a demyeli- 
nating atrophy of the dorsal spinal cord that affects the poste- 
rior column, resulting in impaired bladder sensation, detrusor 
areflexia, and hence overdistention and eventual detrusor 
decompensation if left untreated. Out of the three forms of 
neurosyphilis, parenchymatous neurosyphilis presents the 
latest, occasionally up to 20 years after the primary infection. 


Clinical and urodynamic diagnosis 


Definitive diagnosis of syphilis is done by darkfield exami- 
nation or direct immunofluorescent antibody tests of 
lesion exudates. Serologic diagnosis is complementary. The 
rapid plasma reagin (RPR) and Venereal Disease Research 
Laboratory (VDRL) tests are not antibody-based and can 
be used to gauge disease activity as results are reported 
quantitatively, whereas the fluorescent treponemal anti- 
body absorption test (FTA-ABS) is antibody-based and its 
level correlates poorly with disease activity.” False-nega- 
tives may occur with the FTA-ABS during the window 
period of initial infection and in immunocompromised 
patients. Hence a combination of both antibody and 
nonantibody-based tests is often necessary in patient 
management. 
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Urodynamics often demonstrate detrusor areflexia with 
reduced or absent bladder sensation and increased bladder 
capacity. Suprasacral as well as sacral cord involvement may 
occur, leading to reduced bladder compliance, detrusor 
hyperreflexia with detrusor-sphincter dyssynergia, or detru- 
sor hypocontractility with large postvoid residual urine.”*? 


Treatment and prognosis 


Detrusor areflexia, bladder sensation, and bladder capacity 
often improve with time after treatment with penicillin, 
but may not return entirely to normal.” Timed voiding 
can be used to promote bladder drainage in those where 
contractility is not affected. Intermittent catheterization is 
necessary if hypocontractility with large postvoid residuals 
is present. A case of hyperreflexia requiring urinary diver- 
sion was reported.” Appropriate bladder management will 
facilitate bladder drainage, prevent urinary tract infection, 
and avoid renal damage. 


Neuropathic bladder due to 
Guillain-Barré syndrome 


Pathophysiology 


Guillain-Barré syndrome (GBS) is an immune-mediated 
neurologic disorder affecting both small and large myeli- 
nated axons, causing acute progressive weakness, usually an 
ascending paralysis, with 30% of the affected having respi- 
ratory paralysis necessitating mechanical ventilation.**”° 
Complete or substantial recovery is the rule. It may mani- 
fest either as a demyelinating form or an axonal form. The 
pathophysiologic mechanism is an autoimmune destruc- 
tion of myelin by antiganglioside antibodies. Activated T 
cells, macrophages, and increased matrix metallopro- 
teinases may also play a role.” Autonomic neuropathy may 
be present in up to 50% of patients.” The lumbosacral 
spinal roots and thoracolumbar sympathetic chain may be 
involved, leading to lower urinary tract dysfunction.” It is 
likely that the condition of acute distal autonomic neuropa- 
thy is a form of GBS and may affect the pelvic plexus and its 
associated nerves (sympathetic and parasympathetic), 
which may result in lower urinary tract dysfunction.” 


Clinical and urodynamic features 


GBS is not directly genetically inherited, but presumed to be 
an individual’s idiosyncratic response to a preceding infec- 
tion, which may have a genetic basis. It affects both the 
pediatric and adult populations.” Typical presenting signs 
and symptoms include paresthesia of hands and feet, acute 
symmetric ascending weakness of limbs with areflexia, and 


reduced proprioception. Gait disorder is common in all age 
groups. Autonomic neuropathy may manifest as labile 
blood pressure, cardiac arrhythmias, paralytic ileus, or blad- 
der dysfunction. Approximately 25% of patients with GBS 
show micturition symptoms.*! These may include hesi- 
tancy, poor and prolonged flow, urinary retention, urgency, 
nocturnal frequency, and urge incontinence, reflecting that 
both storage and emptying function can be affected. These 
symptoms are more common in patients with severe weak- 
ness (especially those requiring ventilatory assistance) than 
in those with a mild form of neuropathy, typically present 
after onset of muscular weakness, and improve gradually 
with the neurologic signs over time.*” Constipation as well 
as erectile dysfunction may also occur. 

The diagnosis is made with nerve conduction studies, 
which are the most sensitive test. Lumbar puncture may 
show elevated protein, with normal white cell count.” 

Urodynamics commonly reveal detrusor areflexia and 
impaired bladder sensation with large postvoid residuals.** 
Detrusor hyperreflexia, both with and without sphincter 
dyssynergia, has been reported.*>"° Decreased bladder 
capacity may occur with hyperreflexia without radiologic 
evidence of spinal cord involvement, indicating that the 
overactivity may occur at the peripheral nerve level with 
probable pelvic nerve irritation.*! 


Treatment and prognosis 


From a neurologic aspect, the principle of management is 
hospitalization with monitoring of respiratory function 
and elective endotracheal intubation for impending respi- 
ratory failure. Intravenous immunoglobulin with plasma- 
pheresis is indicated for patients with severe weakness and 
rapid progression.’ With respect to autonomic neuropa- 
thy, cardiac monitoring is required for arrhythmias, strict 
bowel regime for constipation and ileus, and CIC or 
indwelling urethral catheter for detrusor areflexia or detru- 
sor hyperreflexia with sphincter dyssynergia. Urodynamic 
parameters improve during the course of the disease 
approximately 6-8 weeks after the onset of weakness. All 
patients should be educated that full or significant recovery 
is expected. 
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Peripheral neuropathies of the lower urinary tract 
following pelvic surgery and radiation therapy 


Richard T Kershen and Timothy B Boone 


Introduction 


Though control and coordination of micturition is 
relegated to higher centers in the brain and spinal cord, the 
lower urinary tract is ultimately innervated by the ‘hard 
wiring’ of peripheral nerves, conveying essential neuro- 
transmission of the autonomic and somatic nervous 
systems. Iatrogenic damage to peripheral nerves of the 
bladder, urethra, and pelvic floor during the course of sur- 
gical endeavors or radiotherapy may result in significant 
patient morbidity in terms of resultant vesicourethral dys- 
function. Voiding dysfunction resulting from extirparative 
or ablative therapies aimed at the treatment of cancer may 
be physically and socially devastating for a patient. It is 
important for the pelvic surgeon and radiotherapist alike 
to be familiar with the complex innervation of the bladder 
and urethra in order to reduce the likelihood of injury to 
peripheral nerves during the course of therapy. In addition, 
the urologist must be familiar with the signs, symptoms, 
and typical urodynamic manifestations of peripheral nerve 
injury in order to facilitate precise physiologic diagnosis 
and optimize treatment strategies. It is appropriate to 
begin our discussion with a review of the anatomy of the 
peripheral nervous system as it pertains to innervation and 
neural control of the lower urinary tract. 


Anatomic considerations in 
lower urinary tract 
innervation 


Both the autonomic and somatic nervous systems are inte- 
grally responsible for innervation of the lower urinary 
tract. In essence, the lower urinary tract is innervated 
by three sets of peripheral nerves, representing the para- 
sympathetic, sympathetic, and somatic nervous systems 
(Figure 19.1).! Each nerve conveys both sensory and motor 
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Figure 19.1 
Peripheral innervation of the lower urinary tract. 


fibers to and from the central nervous system. The 
parasympathetic input originates from the sacral spinal 
cord (S2—4) in the sacral parasympathetic nucleus located 
in the intermediolateral cell column.’ Long, preganglionic 
parasympathetic nerve fibers travel within the pelvic nerve 
to synapse with their short, postganglionic counterparts in 
the pelvic plexus or detrusor muscle itself. Stimulation of 
the parasympathetic system results in detrusor contraction 
and urethral relaxation. Consequently, damage to the 
parasympathetic input will result in detrusor hyporeflexia 
or areflexia.* The sympathetic input arises in the inter- 
mediolateral cell columns of the thoracolumbar spinal 
cord (T11-12, L1-3). Preganglionic sympathetic nerve 
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fibers arise from lumbosacral sympathetic chain ganglia 
traveling in lumbar spanchnic nerves composing the supe- 
rior hypogastric plexus, which then bifurcates below the 
great vessels, forming paired hypogastric nerves which ulti- 
mately synapse with postganglionic sympathetic neurons 
in the pelvic plexus. Short postganglionic sympathetic 
nerves then go on to innervate the bladder body, neck, and 
proximal urethra.* 

Of note, this arrangement is somewhat atypical for 
sympathetic nerves, which usually have short preganglionic 
nerves that synapse far from their target organs. In addition, 
multiple regions of crossover exist between opposing sides 
via branches coursing through the inferior mesenteric 
ganglion. Stimulation of the sympathetic system results in 
inhibition of bladder contractility as well as an increase in 
bladder outlet resistance. Damage to the sympathetic input 
will result in impaired compliance, bladder outlet incompe- 
tence, and retrograde ejaculation. Somatic input arises from 
motor neurons in Onuf’s nucleus at the lateral border of the 
ventral horn of the sacral spinal cord (S2—4). Sacral nerve 
roots coalesce, forming the pudendal nerve, which travels 
through the pelvis and perineum, innervating the striated 
muscle of the external urethral sphincter. 

Afferent information from the lower urinary tract is 
transmitted via pelvic, hypogastric, and pudendal nerves to 
the lumbosacral spinal cord. Bladder receptors sensing 
bladder volume and contractility travel in the pelvic nerve 
to the spinal cord via myelinated Aô fibers and unmyeli- 
nated C fibers. C fibers are also recruited after neurologic 
insult (spinal cord injury), during times of obstruction or 
bladder inflammation to convey nociceptive responses.! 

In the last several years, great strides have been made in 
our understanding of gross pelvic neuroanatomy due to 
the work of surgeons who understand the potential for 
iatrogenic injury during radical pelvic surgery. Hollabaugh 
and colleagues performed meticulous intrapelvic and per- 
ineal dissections under magnification on male and female 
cadavers hemisected at the level of the sacral promontory.° 
They traced the course of what they called the ‘pelvic nerve’ 
which, by description, appears to be the confluence of 
nerves arising from the pelvic plexus, going on to innervate 
the pelvic viscera. This nerve, originating over the hypogas- 
tric artery, represents a confluence of postganglionic sym- 
pathetic and parasympathetic fibers running together from 
the pelvic plexus. This dense intermingling of sympathetic 
and parasympathetic nerve fibers arising from the pelvic 
plexus has been described by other authors.° As the nerve 
enters the pelvis, it gives off multiple web-like branches 
which travel within the endopelvic fascial sleeve, innervat- 
ing the detrusor muscle, and other pelvic viscera (colon, 
rectum, prostate, vagina, and uterus). 

The main branch of the nerve was found to travel infe- 
riolateral to the rectum, deep to the levator ani fascia, 
coursing through the pelvis towards the external sphincter, 
where it gives off its terminal innervating branches, 


anterior to the rectum. The pudendal nerve was also traced 
from its point of origin in the pelvis through its path in 
Alcock’s canal. 

It was noted that the pudendal nerve gives off an 
intrapelvic branch which courses beneath the levator ani 
fascia and joins the distal aspect of the pelvic nerve at the 
level of the prostatic apex to innervate the external urinary 
sphincter. The main trunk of the pudendal nerve then 
enters Alcock’s canal and gives off numerous variable 
branches within the canal and in the perineum, ultimately 
terminating in the perineal nerve, providing somatic inner- 
vation to the urinary rhabdosphincter. Thus, the external 
urinary sphincter appears to have a dual innervation, both 
autonomic from the pelvic nerve and somatic from the 
intrapelvic and perineal branches of the pudendal nerve. 

Strasser and colleagues sought to clarify the neuromus- 
cular function and physiology of the urethra and external 
urinary sphincter.’ Performing human cadaveric dissec- 
tions as well as functional studies in sheep they found, sim- 
ilarly to Hollabaugh’s group, that the autonomic fibers that 
supply the pelvic viscera course as a confluence of nerves 
lateral to the rectum within the envelope of the levator fas- 
cia. In the male, the smooth muscle within the membra- 
nous urethra was found to be innervated by autonomic 
fibers arising from this ‘pelvic nerve’ via branches derived 
from a prostatic plexus as well as the periprostatic cav- 
ernous nerves, which pass through the urogenital hiatus. In 
the female, the autonomic nerves to the proximal urethral 
smooth muscle arose from the pelvic nerve and traveled 
along the lateral aspects of the uterus and vagina to their 
point of insertion dorsolaterally. 

Functionally, Strasser and colleagues found that stimula- 
tion of the pelvic plexus generated strong responses in the 
proximal urethra, but little in the distal urethra or external 
rhabdosphincter. Pudendal nerve stimulation, however, 
resulted in distal urethral smooth muscular contraction as 
well as the expected rhabdosphincter response. These find- 
ings suggest autonomic control over proximal urethral 
function with the somatic nervous system controling distal 
urethral function. It is obvious that the peripheral nerves 
serving the lower urinary tract are diverse, representing 
multiple targets for injury. 


Peripheral neuropathies of 
the lower urinary tract as a 
consequence of pelvic surgery 


Although peripheral neuropathies affecting bladder and 
urethral function may result from a variety of causes, includ- 
ing metabolic or infectious disease, degenerative disorders, 
systemic illnesses, or disc disease, for the purposes of this 
discussion we will focus on those that arise subsequent to 
surgical endeavors in the pelvis or ablative radiotherapy. 
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We will discuss specific mechanisms for injury as well as 
reported clinical and urodynamic findings correlating with 
the site of injury. In addition, we will elaborate on methods 
to prevent and reduce potential injury. Peripheral neuropa- 
thy will commonly distort normal motor, sensory, and/or 
autonomic functions. As the lower urinary tract is limited 
in its ability to express functional pathology, the presence 
of neurologic injury will manifest in a finite number of 
ways, including voiding dysfunction, incontinence, and/ 
or pain. Predicting urodynamic findings for individual 
cases on the basis of symptomatology and neurologic 
examination alone is often impossible, and therefore ther- 
apy should be directed on the basis of clinical history and 
thorough urodynamic testing. 

Extirpative pelvic surgery has long been associated with 
lower urinary tract dysfunction. The incidence of vesico- 
urethral dysfunction has been reported to be 8-70% 
postabdominoperineal resection (APR),**!> 16-80% 
posthysterectomy,!*"'° and 20-25% after low anterior 
resection.'? The manifestations of, and mechanisms for 
dysfunction are broad and may vary with the specific type 
of surgery performed and the initial indication for surgery 
(as pelvic malignancies themselves have been implicated in 
vesicourethral dysfunction).!® 

In general, notwithstanding iatrogenic injury resulting 
in gross anatomic derangements of the bladder, urethra, or 
sphincter themselves, neurologic injury is usually impli- 
cated as the causative factor. The exact nature of the neu- 
rological lesion may be difficult to predict by history alone 
however, due to the potential for partial or complete auto- 
nomic and/or somatic denervation. Transient neuropraxic 
injuries may occur due to neural traction during surgery. 
Urodynamic evaluation has proven invaluable for proper 
assessment of these patients, aiding in precise characteriza- 
tion of the neurologic lesion. As detailed earlier, our 
expanding knowledge of pelvic neuroanatomy and the 
neurophysiology of normal voiding has, in recent years, 
allowed modifications of extirpative surgical procedures 
which may reduce or eliminate negative iatrogenic seque- 
lae on the lower urinary tract. 

For the purposes of this chapter we will discuss specific 
surgical procedures, elucidating the mechanisms for injury 
and the clinical spectra of the subsequent neuropathies 
that develop. Neurologically-induced voiding dysfunction 
from peripheral neuropathy may either resolve during the 
early postoperative period (weeks to months) or stabilize 
and persist for years postoperatively. The most typical clin- 
ical manifestations of enduring peripheral nerve injury 
affecting the lower urinary tract after pelvic extirpative 
surgery will include large urinary residuals, incomplete 
emptying, and Valsalva voiding.!? The classic functional 
pathology will include a noncontractile bladder (areflexic 
or underactive detrusor) with or without a relaxed urinary 
sphincter (denervated or underactive).*? Generally, a 
parasympathetic injury will result in detrusor hypoactivity 


with varying degrees of bladder paralysis. Sympathetic 
injury may manifest as alpha- or beta-adrenergic denerva- 
tion. Beta-adrenergic denervation may result in poor blad- 
der compliance and occasionally detrusor hyperactivity." 
Alpha-adrenergic denervation typically manifests as blad- 
der neck incompetence. Of note, male patients with auto- 
nomic injury related to pelvic neuropathy often complain 
of coexistent erectile dysfunction. 


Neurourologic examination 


Iatrogenic peripheral nerve injury resulting in lower uri- 
nary tract dysfunction may have a variable presentation 
including sensory and/or motor neuropathy of the bladder 
with or without urethral sphincteric dysfunction. A 
focused neurourologic exam may provide clues to the 
underlying nature of the pathology, but may not necessar- 
ily be diagnostic. Unlike patients with spinal cord injuries, 
patients with peripheral nerve injury, with intact central 
nervous systems, will not exhibit abnormalities in lower 
extremity tone or reflex response. Competency of the 
sacral reflex arc may be assessed, however, via elicitation of 
the bulbocavernosus reflex. The glans penis or clitoris is 
manually stimulated and the anal sphincteric response is 
assessed. Absence or prolongation of this reflex suggests 
peripheral nerve injury in this subset of patients. 
Decreased or absent anal sphincteric tone may suggest 
pudendal motor nerve injury. Sensory examination of the 
perineum to assess vibratory and tactile sense should 
be performed to determine the likelihood of pudendal 
sensory neuropathy. 


Urodynamic evaluation 


The utility of preoperative urodynamics in any patient 
undergoing extirpative pelvic surgery cannot be adequately 
emphasized. Such studies may prove invaluable when faced 
with a patient complaining about postoperative voiding 
dysfunction. Preoperative voiding dysfunction due to pre- 
existing bladder outlet obstruction or, potentially, a pre- 
operative peripheral nerve lesion from the primary pelvic 
pathologic process may be present, and complicate the 
interpretation of postoperative symptoms if previously 
undiagnosed. In addition, a pre-existing neuropathy 
related to tumor infiltration may indicate the potential risk 
for intraoperative injury during resection. 

We typically perform initial postoperative urodynamic 
evaluations by the 3rd or 4th week after surgery. It is appar- 
ent that a variety of sympathetic, parasympathetic, and/or 
somatic injuries may occur and will require complete uro- 
dynamic evaluation to correctly identify the nature of the 
pathology. Videourodynamics with abdominal and vesical 
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pressure monitoring as well as electromyography (EMG) 
of the pelvic floor/striated sphincter complex allows pre- 
cise diagnosis. Abdominal pressure monitoring is essential 
for the determination of the true detrusor pressure, as 
many patients will suffer from areflexia.”! 

The absence of a detrusor contraction during uro- 
dynamics does not prove areflexia and the presence of 
abdominal straining will assist in the diagnosis. Pressure— 
flow evaluation will allow a precise diagnosis of obstruc- 
tion if present. Indeed, Blaivas and Barbalias found 
significant obstruction from BPH in 4 of 5 males with uri- 
nary retention after APR.” Pelvic floor needle EMG will 
assist in determining the presence or absence of denerva- 
tion potentials within the external sphincter. Sacral evoked 
potentials may also be performed to more accurately assess 
integrity of the sacral reflex arc. ” 


Abdominoperineal resection 


It has long been recognized that radical rectal excision via 
abdominoperineal resection (APR) has been closely associ- 
ated with postoperative voiding dysfunction.” McGuire 
performed the first urodynamic characterization of voiding 
dysfunction in these patients in 1975.4 He described detru- 
sor areflexia in all patients with variable degrees of internal 
and external sphincteric weakness. Blaivas and Barbalias 
subsequently performed videourodynamics on 13 men who 
had undergone APR.” Patients presented with a variety of 
symptoms including isolated storage problems (inconti- 
nence), isolated emptying problems (retention), or com- 
bined difficulties with storage and emptying. Interestingly, 
all patients demonstrated incompetence of the bladder neck 
(proximal sphincter) on videourodynamic testing, suggest- 
ing universal sympathetic denervation. Whether or not a 
patient was incontinent, however, was dependent upon the 
degree of concomitant parasympathetic and pudendal den- 
ervation. In fact, patients afflicted with the most trouble- 
some sequelae of combined difficulties with storage 
and emptying (4/13 patients) had evidence of extensive 
neurologic injury, manifesting detrusor areflexia and an 
open bladder neck at rest, along with EMG and clinical evi- 
dence of a lower motor neuron lesion to the external 
sphincter (combined parasympathetic, sympathetic, and 
somatic/pudendal denervation). Overall, clinical and 
urodynamic evidence of parasympathetic denervation 
(impaired emptying/areflexia) was present in 38%, and 
somatic/pudendal denervation was present in 54%. 

Yalla and Andriole were interested in the natural history 
of neurogenically-induced vesicourethral dysfunction in 
patients who had undergone radical pelvic surgery.'? They 
performed both early (2 weeks to 4 months) and delayed 
(18 months to 3 years) postoperative urodynamic evalua- 
tions in patients with voiding dysfunction after APR. Early 
evaluation revealed the presence of an incompetent 


bladder neck, detrusor hypertonia (impaired compliance), 
diminished proprioception, and detrusor hypoactivity or 
inactivity, suggesting combined parasympathethic and 
sympathetic denervation. Additionally, patients who 
demonstrated total incontinence manifested diminished 
urethral closure pressures with absent reflex activity of the 
external striated sphincter. Interestingly, a recovery phase 
was noted with 75% of incontinent patients regaining pas- 
sive continence within 4 months. This corresponded with 
the finding of restored urethral closure pressure in the 
membranous urethra with return of peirurethral striated 
muscle reflex activity. The bladder neck and prostatic 
urethra remained incompetent, suggesting recovery of 
somatic innervation without return of sympathetic ure- 
thral innervation. Delayed evaluations revealed persistence 
of parasympathetic denervation, manifested in a large cys- 
tometric capacity with detrusor hypoactivity or inactivity. 
The presence of bladder neck incompetence, indicative 
of persistent sympathetic innervation, was variable. 
Ultimately, 21 of 22 patients had persistent vesicourethral 
dysfunction with large residuals, and Valsalva voiding after 
pelvic extirparative surgery. 

In summary, the most common urodynamic findings 
after APR include detrusor hyporeflexia with impaired sen- 
sation, increased capacity, and compliance with concomi- 
tant incompetence of the bladder neck, suggesting a 
combined injury to both parasympathetic and sympathetic 
innervation. Most patients will be continent and have dif- 
ficulties related to impaired emptying. Incontinent patients 
after APR will have commonly suffered additional injury to 
the pudendal nerve, resulting in external sphincteric dys- 
function. The more severely incontinent patients may have 
a higher degree of sympathetic denervation, with a resul- 
tant loss of bladder compliance occurring concurrently 
with decreased or absent proximal and distal sphincteric 
function. Fortunately, most patients with somatic nerve 
injury will have recovery of function over time with the 
return of active and/or passive continence. This may be 
heralded by the reappearance of the bulbocavernosus 
reflex. Because slow recovery is the rule, at least a year 
should lapse after APR before consideration of surgical 
intervention. 


Mechanism for, and means 
for prevention of neurologic 
injury during 
abdominoperineal resection 


It is clear that the extent of pelvic dissection during APR 
relates directly to the degree of subsequent vesicourethral 
dysfunction.” Urologic morbidity may be avoided by a 
detailed understanding of pelvic neuroanatomy. Indeed, 
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Hojo and colleagues” demonstrated that complete preserva- 
tion of autonomic innervation allowed 88% of patients 
undergoing APR to void spontaneously within 10 days of 
surgery. Conversely, 78% of patients who underwent com- 
plete resection of the pelvic autonomic nerves remained in 
urinary retention by 2 months postoperatively. Damage 
along the course of the pelvic nerve may result in isolated 
bladder dysfunction, proximal urethral dysfunction, and/or 
external sphincteric dysfunction. It appears that avoidance of 
dissection beneath the presacral fascia will protect the proxi- 
mal portions of continence-preserving nerves during rectal 
resection and mesorectal lymphadenectomy. This may avoid 
damage to the sympathetic fibers of the hypogastric plexus at 
the level of the pelvic brim, where they course medial to the 
ureters. The pelvic nerve is susceptible to injury as it courses 
inferolateral to the rectum towards the prostatic apex. It may 
be injured during the course of circumferential rectal dissec- 
tion and during levator ani muscular division, resulting in 
proximal urethral denervation. Levator ani muscle division 
will also result in damage to the intrapelvic branch of the 
pudendal nerve, abolishing its ability to provide innervation 
to the smooth muscular component of the distal urethral 
sphincter. Injury to these continence-preserving nerves may 
be averted by respecting the integrity of Denonviller’s fascia 
near the prostatic apex, and carefully dividing the levator ani 
away from the intrapelvic branch of the pudendal nerve trav- 
eling close to the ischium.° In females, preservation of the 
vagina will also protect these nerves as they travel to the ure- 
thra. During perineal dissection, care should be taken to dis- 
sect cautiously near the ischial tuberosity, where the terminal 
branches of the pudendal nerve may be injured as they exit 
Alcock’s canal. 


Hysterectomy 


Similar to previously outlined experience with APR, the 
performance of radical hysterectomy has long been associ- 
ated with the development of postoperative bladder dys- 
function.'°”°” This relationship owes much to the close 
anatomic associations between the pelvic plexus and 
uterosacral and cardinal ligaments.” The uterosacral and 
cardinal ligaments, historically resected in radical hysterec- 
tomy, carry autonomic nerve fibers which go on to inner- 
vate the bladder and urethra. The uterosacral ligaments 
themselves contain important pelvic parasympathetic and 
hypogastric nerve rami. The cardinal ligaments, located at 
the base of the broad ligaments, surround the cervix and 
extend laterally to the pelvic sidewalls. Each ligament lays 
in close proximity to the cervix, at whose inferomedial 
margin, fibers from the pelvic plexus — predominantly 
sympathetic in nature — advance in a palpable nerve bun- 
dle to eventually innervate the bladder and urethra. As with 
any radical pelvic operation, damage to the pelvic plexus 
itself can also occur with aggressive posterior dissection. 


Yalla and Andriole noted that nearly all patients with 
vesicourethral dysfunction after radical hysterectomy suf- 
fered parasympathetic denervation.!? Up to 50% of 
patients may also have additional sympathetic denervation 
with the resultant manifestation of vesical hypertonia and 
incompetency of the bladder neck.'*'>%? Indeed, Iio and 
colleagues noted urodynamically evident decreases in 
detrusor compliance and maximal urethral closure pres- 
sures in 24 patients who underwent radical hysterectomy.*° 
The frequency of sympathetic denervation may corre- 
spond to the extent of dissection of the cardinal ligaments 
and the amount these ligaments are resected.'° To avoid 
this injury and spare the sympathetic innervation of the 
bladder and its base, maintaining proximal urethral func- 
tion and continence, more conservative surgical approaches 
(if allowable by the stage of the cervical cancer involved), 
that preserve the inferior portions of the cardinal ligaments 
are warranted. 

Todo et al recently reported prospective urodynamic 
data on 27 consecutive patients who underwent radical 
hysterectomy for cervical cancer using a ‘nerve-sparing’ 
technique.*' Their technique consisted of lateralizing the 
hypogastric nerves and proximal pelvic plexus during dis- 
section of the uterosacral and rectovaginal ligaments. 
These nerves were then preserved by selective resection of 
the remaining exposed portions of the ligaments. In addi- 
tion, dissection of the pelvic splanchnic nerves was avoided 
during resection of the cardinal ligaments. The authors 
were able to implement this technique unilaterally or bilat- 
erally in 22 of 27 patients. In the remaining 5 patients 
nerves could not be preserved due to bleeding or anatomic 
difficulties during dissection. Patients underwent pre- and 
postoperative urodynamics and were followed for one year. 
Patients who underwent a successful nerve-sparing hys- 
terectomy did not demonstrate any significant changes in 
bladder compliance, maximal flow rates, or postvoid resid- 
ual. Patients who failed to have nerves spared demon- 
strated reductions in bladder compliance and maximal 
flow rates, and had higher postvoid residuals. Though 
both groups demonstrated reduced voiding pressures 
at maximal flow compared to preoperatively, the non- 
nerve-sparing patients appeared to void predominantly via 
the Valsalva maneuver. This study, though preliminary and 
nonrandomized, implies that nerve-sparing hysterectomy 
may help to preserve vesicourethral function. 

Kuwabara and colleagues were the first to propose using 
intraoperative electrical stimulation of the cardinal liga- 
ments to identify the location of the vesical branches of the 
pelvic nerve to assist in nerve preservation.” Katahira et al 
implemented Kuwabara’s technique in 17 patients under- 
going nerve-sparing radical hysterectomy.” The technique 
involved electrical stimulation of the roots of the pelvic 
splanchnic nerves and the posterior and dorsal regions 
of the vesico-uterine ligaments. Simultaneous bladder 
cystometry was performed during nerve stimulation. An 
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increase in intravesical pressure was observed in 13 of 17 
patients with stimulation of these nerves after uterine 
resection. Of these 13 patients, both pre- and postoperative 
urodynamic data were available in 8 patients. In all of 
these patients detrusor contractility was preserved and 
there were no subjective complaints of voiding difficulties. 
In the remaining 4 patients, where nerves were apparently 
damaged (no increase in intravesical pressure was seen 
with nerve stimulation after uterine removal), all patients 
developed postoperative detrusor areflexia and voided 
either by Valsalva or intermittent catheterization. These 
results, though not conclusive, suggest that intraoperative 
electrical nerve stimulation may be a useful adjunct to 
nerve-sparing procedures. 

It has been suggested that simple, supracervical hys- 
terectomy may be a less destructive surgical approach, and 
may reduce the risk of posthysterectomy bladder dysfunc- 
tion.** This, however, is not absolute, as evident in the man- 
uscript by Parys and colleagues who analyzed the clinical 
spectra of bladder dysfunction after simple hysterectomy.'° 
They performed urodynamic studies and sacral reflex 
latency studies on 126 women with lower urinary tract 
symptoms after hysterectomy. They found that 86% of 
patients had a demonstrable urodynamic abnormality, 
with 47% of patients having detrusor overactivity, 37% 
having evidence of urethral obstruction, and 25% having 
evidence of stress incontinence. Sacral reflex latencies were 
prolonged or absent in 80% of 25 patients studied, 
suggesting autonomic peripheral neuropathy due to 
pelvic plexus injury. 


Radical prostatectomy 


It is clear that incontinence after radical prostatectomy is 
related to intrinsic sphincter deficiency in the majority of 
patients. Urodynamic studies in postprostatectomy 
patients have revealed, however, a high prevalence of 
concomitant detrusor dysfunction, namely instability and 
impaired compliance.***° Hubert and colleagues, per- 
formed pre- and postoperative bladder biopsies comparing 
nerve fiber density in the superficial trigone in men under- 
going radical prostatectomy.*” They found that nerve fiber 
density decreased postoperatively and regenerated over 
time. Patients with persistent incontinence had less than 
half the amount of nerve fiber regeneration than continent 
patients at 6 months postoperatively. Urinary incontinence 
was associated with trigonal denervation, a high sensory 
threshold, and a low maximal urethral closure pressure. 
The authors hypothesized that wide dissection around the 
prostate, bladder base, and seminal vesicles leads to disrup- 
tion of bladder and proximal urethral innervation. They 
suggested that preservation of trigonal innervation may be 
important for maintenance of continence. When this tech- 
nique was applied to nerve and seminal vesicle sparing 


cystectomy, high degrees of urinary continence were 
achieved, supporting that preservation of the pelvic plexus 
and trigonal innervation improves urinary continence.’ 
Although the etiology may be multifactorial, detrusor dys- 
function after radical prostatectomy may indeed be related 
to peripheral nervous denervation. 

Recently, robotic-assisted laparoscopic radical prostatec- 
tomy has enabled enhanced, magnified three-dimensional 
vision and more precise identification and preservation of 
pelvic nerves.” This has led to modifications in surgical tech- 
nique which may eventually be shown to result in improved 
outcomes in terms of preserving potency and perhaps vesico- 
urethral function. To date, there are no prospective studies 
that have proven superiority of this technique in this arena in 
comparison to standard nerve-sparing radical retropubic 
prostatectomy. Kaul et al, however, reported on 154 consecu- 
tive patients who underwent nerve-sparing robotic-assisted 
laparoscopic radical prostatectomy using a ‘veil of Aphrodite’ 
technique.“ This technique involves preservation of the lateral 
prostatic fascia and has been reported to provide ‘enhanced 
nerve sparing’ by preventing resection of small nerves relevant 
to cavernosal innervation, which run in this fascia.*! The tech- 
nique also limits the use of cautery around the seminal vesicle 
to prevent injury to the pelvic plexus. In Kaul’s series patients 
completed self-administered urinary function questionnaires 
(IPSS) before and one year after surgery. Of the 154 patients, 
127 completed the questionnaires. Average IPSS scores 
decreased from 6 to 3.4 postoperatively, indicating a general 
improvement in urinary symptoms. The authors reported 
that 97% of patients had complete urinary control at one 
year after surgery. Most impressively, 29% of patients were 
reported continent at the time of catheter removal (usually 7 
days postoperatively). On average, most regained complete 
continence by one month postoperatively. These results sug- 
gest that enhanced attention to nerve preservation at the time 
of radical prostatectomy may result in improved outcomes in 
terms of lower urinary tract function. More detailed anatomic 
and prospective randomized studies are needed to elucidate 
this mechanism in the future. 


Ureteral reimplantation 


Voiding dysfunction and urinary retention rarely compli- 
cate antireflux surgery. This is most commonly encountered 
after bilateral extravesical ureteral reimplantation.**“* 
Although urinary retention is usually self-limited, it has 
been reported to occur in up to 26% of these patients.“ 
Several investigators have pursued the etiology of this 
phenomenon from an anatomic standpoint. Barrieras and 
colleagues found that, by modifying their technique to min- 
imize dissection below the ureteral hiatus, they were able to 
reduce the incidence of urinary retention.“ They hypothe- 
sized that this technique limited injury to the autonomic 
nerve fibers coursing into the bladder in the region of the 


252 Textbook of the Neurogenic Bladder 


trigone. Leissner and colleagues went on to confirm this via 
cadaver dissections that revealed the location of the pelvic 
plexus to be 1.5 cm dorsomedial to the distal ureter.” 

Terminal branches from the plexus were identified cours- 
ing towards the bladder trigone in a delicate network sur- 
rounding the distal ureter. These branches could easily be 
damaged by dissection outside the plane of the mesoureter 
or by dissection dorsal and medial to the ureterovesical hia- 
tus. These data support the theory that bladder dysfunction 
postbilateral extravesical reimplantation may have a similar 
etiology to that following hysterectomy or APR, namely 
efferent nerve denervation. The same group of investigators 
created an animal model of neurologic injury resulting 
from ureteral dissection at the ureteral hiatus, confirming 
their previous anatomic findings.“ Unilateral or bilateral 
efferent nerve blockade was accomplished via xylocaine 
(lidocaine (lignocaine) ) injection at the ureterovesical junc- 
tion, which resulted in complete abolishment of motor 
response to sacral anterior nerve root stimulation. 

David et al reported a retrospective review of 50 patients 
who underwent bilateral nerve-sparing extravesical 
ureteral reimplantation by a single surgeon.“ The surgical 
technique adhered to the principles of limited ureteral 
dissection, with division of lateral but not dorsomedial 
ureterovesical attachments, limited cautery use, and preser- 
vation of the ureterovesical hiatus. All patients were able to 
void spontaneously on postoperative day 1 except for one, 
who voided within 48 hours. The authors concluded that 
implementation of this technique should eliminate the risk 
of long-term urinary retention in patients who undergo 
bilateral extravesical ureteral reimplantation. 


Radiation therapy 


Radiation therapy (RT) kills neoplastic cells. 
Unfortunately, its curative potential is limited by its poten- 
tial to damage normal tissues which lie within its path. For 
many years it was believed that peripheral nerves were rel- 
atively radioresistant and did not serve as ‘dose-limiting 
structures when planning a course of radiotherapy.** In the 
last decade, however, observation of postirradiation 
brachial and lumbosacral plexopathies has made it clear 
that peripheral nerve damage may occur after sufficient 
dose.*?°° These plexopathies will result in parasthesias 
and/or paralysis.’ In cancer patients, radiation-induced 
cellular alterations may render peripheral nerves more 
sensitive to the ill effects of chemotherapy. Alternatively, 
chemotherapeutic agents may sensitize neural tissues to 
the effects of radiation.” Of note, there is often a lag period 
between treatment/exposure and the development of 
symptoms of neurologic injury. This is largely due to the 
major mechanism by which ionizing radiation causes cel- 
lular damage, i.e. destruction of DNA. If sublethal damage 


incurred by a cell is not repaired, death will occur when the 
damaged cell attempts to reproduce. When RT has been 
directed at the peripheral nervous system, cell death may 
occur months to years later due to slow reproductive cycles 
of glial and Schwann cells.” Peripheral nerve injury may 
also be incurred by radiation-induced damage to vascular 
endothelium, obliterating critical neural blood supply. 
Radiation-induced perineural fibrosis may also result in 
compression and ischemia of peripheral nerves. Though 
studies reporting direct radiation-induced injury to the 
pelvic peripheral nervous system are scarce, there are 
numerous studies documenting the indirect damage 
inflicted, inferred by reports of erectile and bladder dys- 
function postradiotherapy.°*>° For the purposes of this 
discussion we shall focus on radiation-induced peripheral 
neuropathies leading to bladder dysfunction. 

The pelvis is a relatively confined space that contains 
closely approximated visceral organs including the bladder, 
prostate, uterus, and rectosigmoid portions of the large 
intestine. As previously discussed, these organs are in close 
proximity to the autonomic and somatic nerves which 
innervate them. External beam RT designated for any one 
particular organ will therefore inevitably result in simulta- 
neous radiation exposure to other vital structures, includ- 
ing blood vessels and peripheral nerves. 

There have been successful attempts to limit radiation 
exposure to bystander tissues, including three-dimensional 
treatment plans, conformal radiation, stereotactic radio- 
surgery, and brachytherapy. Due to the anatomically close 
relationship between the pelvic viscera and their innervat- 
ing nerves, however, it is likely that peripheral nerve expo- 
sure and subsequent injury will occur with any treatment 
modality implemented in the pelvis. In fact, Tait and col- 
leagues did not find a significant difference in the preva- 
lence of urinary symptoms in patients receiving conformal 
versus conventional pelvic RT for the treatment of pelvic 
malignancies.” Even low-dose radiotherapy can inflict sig- 
nificant damage. Indeed, animal studies have revealed the 
threshold dose for peripheral neuropathy following RT is 
merely 15-20 Gy, well below the normal dose utilized for 
most pelvic malignancies.**°? Unfortunately, the same 
anatomic relationships that render peripheral nerves sus- 
ceptible to injury during RT lead to difficulties distinguish- 
ing whether peripheral nerve injury alone is responsible for 
dysfunctional changes within the lower urinary tract. The 
bladder and urethra themselves will often be incidentally 
exposed to RT (intentionally at times), resulting in direct 
radiation damage to microvascular, epithelial, and muscu- 
lar components, and anatomically-mediated dysfunction. 

Functional changes in the lower urinary tract have been 
reported after pelvic RT for the treatment of prostate, 
bladder, rectal, cervical, and uterine cancers.°”*** Behr 
and colleagues performed urodynamic testing on 104 
patients who received pelvic irradiation for cervical carci- 
noma with maximal follow-up of 10 years.® Sixty percent 
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of patients developed de-novo urge incontinence related to 
detrusor instability concomitant with poor vesical compli- 
ance and diminished cystometric capacity. While maximal 
urethral closure pressures were initially unchanged by irra- 
diation, the risk for stress urinary incontinence (SUI) 
increased over time and was significant by 6 years post- 
therapy. This suggests the possibility for neurogenically- 
mediated vesical and urethral dysfunction. 

The delay in the development of SUI may be related to 
the gradual dying off of the sympathetic and pudendal 
nerve supply to the urethral sphincteric mechanism. In 
agreement with this theory are the observations of Litwin 
and colleagues, who showed that the time course for decline 
in urinary function in patients who received RT differed 
from that of patients who underwent radical prostatectomy 
for prostate cancer. Patients who received RT experienced a 
gradual decline in urinary function and an increase in uri- 
nary bother from irritative symptoms with time up to one 
year post-therapy where symptoms approached the severity 
of patients who underwent radical prostatectomy.“ 

Severe urgency/frequency syndrome and urge inconti- 
nence in post-RT patients were also identified by Parkin 
and colleagues.® Hanfmann and colleagues noted a 
decrease in micturitional volumes to 70% of that observed 
before RT for prostate cancer by 6 weeks after therapy.® At 
surgical exploration, Sindelar and colleagues identified 
perineural fibrosis in pelvic nerve trunks in patients who 
received RT for treatment of pelvic sarcomas.® This find- 
ing suggests RT-mediated peripheral nerve injury as a 
viable source for lower urinary tract dysfunction. 
Michailov and colleagues perfomed muscle bath contrac- 
tile studies on rat detrusor strips exposed to external beam 
radiation. An increase in basal tone was noted occurring 
simultaneously with a decreased sensitivity to acetyl- 
choline-mediated contraction. These data infer a possible 
mechanism for end-organ neurogenic injury to result in 
the observed clinical effects of hypertonia, decreased func- 
tional capacity, and diminished micturitional pressure. It 
is evident that more studies need to be performed to eval- 
uate the effects and functional consequences of RT on 
pelvic peripheral nerves. From indirect evidence, however, 
it is apparent that radiation-mediated peripheral nerve 
injury has a role in post-RT bladder dysfunction. 


Managing the patient with 
vesicourethral dysfunction 
related to peripheral nerve 
injury 


As a general rule, treatment of vesicourethral dysfunction 
after peripheral nerve injury should be directed by the 
urodynamic findings. As the time course and completeness 


of recovery after surgery or radiotherapy are not pre- 
dictable, conservative treatment should be implemented 
initially prior to any irreversible surgical endeavors. For the 
patient in urinary retention, clean intermittent catheteriza- 
tion (CIC) is preferable to a chronic indwelling Foley 
catheter. The presence or absence of bladder outlet 
obstruction as well as sphincteric integrity should be estab- 
lished to determine the potential beneficial or harmful 
effects of transurethral resection. In the case of the 
hypocontractile detrusor, CIC may be continued indefi- 
nitely until the return of bladder contractility. A period of 
at least 6 months should pass before considering any defin- 
itive surgical intervention in the patient with sphincteric 
incontinence or poor compliance, as the natural history of 
peripheral nerve injury suggests that function may return 
over time. 


Summary 


Iatrogenic injury to peripheral nerves innervating the 
lower urinary tract during the course of pelvic surgery or 
radiotherapy may result in significant vesicourethral dys- 
function. Detailed knowledge of the neuroanatomy and 
physiology of the bladder and urethra will help avoid these 
injuries in patients requiring these interventions. Should 
injury occur, urodynamic evaluation is key for the detec- 
tion of concomitant pathology and planning management 
to restore vesicourethral function. 


References 


1. Chancellor MB, Yoshimura N. Physiology and pharmacology of the 
bladder and urethra. In Walsh PC, Retik AL, Vaughan ED et al, eds. 
Campbell’s Urology, 8th edn. Philadelphia: WB Saunders, 2002: 
846-8. 

2. de Groat WC, Vizzard MA, Araki I, Roppolo JR. Spinal interneurons 
and preganglionic neurons in sacral autonomic reflex pathways. In 
Holstege G, Bandler R, Saper C (eds): The Emotional Motor System. 
Progr Brain Res 1996; 107: 97. 

3. de Groat WC, Booth AM. Physiology of the urinary bladder and 
urethra. Ann Intern Med 1980; 92: 312. 

4. Kihara K, de Groat WC. Sympathetic efferent pathways projecting to 
the bladder neck and proximal urethra in the rat. J Auton Nerv Syst 
1997; 62: 134. 

5. Hollabaugh, RS, Steiner MS, Sellers KD et al. Neuroanatomy of the 
pelvis: implications for colonic and rectal resection. Dis Colon 
Rectum 2000; 43(10): 1390-7. 

6. Mundy AR. An anatomical explanation for bladder dysfunction 
following rectal and uterine surgery. BJU 1982; 54: 501-4. 

7. Strasser H, Ninkovic M, Hess M et al. Anatomic and functional 

studies of the male and female urethral sphincter. World J Urol 
2000; 8: 324-9. 
Burgos FJ, Romero J, Fernandez E, Perales L, Tallada M. Risk factors 
for developing voiding dysfunction after abdominoperineal resection 
for adenocarcinoma of the rectum. Dis Colon Rectum 1988; 31: 
682-5. 


254 


Textbook of the Neurogenic Bladder 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32: 


Kinn AC, Ohman U. Bladder and sexual function after surgery for 
rectal cancer. Dis Colon Rectum 1986; 29: 43-8. 

Aagaard J, Gerstenberg TC, Knudsen JJ. Urodynamic investigation 
predicts bladder dysfunction at an early state after abdominoper- 
ineal resection of the rectum for cancer. Surgery 1986; 99: 564-8. 
Gerstenberg TC, Neilsen ML, Clausen S et al. Bladder function after 
abdominoperineal resection of the rectum for anorectal cancer: uro- 
dynamic investigation before and after operation in a consecutive 
series. Ann Surg 1980; 191: 81. 

Hojo K, Sawada T, Moriya Y. An analysis of survival and voiding, 
sexual function after wide iliopelvic lymphadenectomy in patients 
with carcinoma of the rectum, compared with conventional 
lymphadenectomy. Dis Colon Rectum 1989; 32: 128-33. 

Blaivas JG, Barbalias GA. Characteristics of neural injury after 
abdominoperineal resection. J Urol 1983; 129: 84. 

Seski JC, Diokno AC. Bladder dysfunction after radical abdominal 
hysterectomy. Am J Obstet Gynecol 1977; 128: 643. 

Forney JP. The effect of radical hysterectomy on bladder physiology. 
Am J Obstet Gynecol 1980; 138: 374. 

Parys BT, Woolfenden KA, Parsons KF. Bladder dysfunction after 
simple hysterectomy: urodynamic and neurological evaluation. 
Eur Urol 1990: 17: 129-33. 

Kirkegaard P, Hjortrup A, Sanders S. Bladder dysfunction after low 
anterior resection for mid-rectal cancer. Am J Surg 1981; 141: 266. 
Fowler JW, Bremner DN, Moffat LEF. The incidence and conse- 
quences of damage to the parasympathetic nerve supply to the blad- 
der after abdominoperineal resection of the rectum for carcinoma. 
Br J Urol 1978; 50: 95. 

Yalla SV, Andriole GL. Vesicourethral dysfunction following pelvic 
visceral surgery. J Urol 1981; 32: 503-9. 

Norris JP, Staskin DR. History, physical examination, and classifica- 
tion of neurogenic voiding dysfunction. Urol Clin N Am 1996; 
23(3): 337-43. 

Nickell K, Boone TB. Peripheral neuropathy and peripheral nerve 
injury. Urol Clin N Am 1996; 23(3): 337—43. 

Siroky MB, Sax DS, Krane RJ. Sacral signal tracing: the electrophys- 
iology of the bulbocavernosus reflex. J Urol 1979; 122: 661—4. 
Simmons HT. Retention of urine after excision of the rectum. 
Br Med J 1938; 1: 171. 

Mcguire EJ. Urodynamic evaluation after abdominoperineal resec- 
tion and lumbar intervertebral disk herniation. Urol 1975; 6: 63. 
Hojo K, Vernava AM 3rd, Sugihara K et al. Preservation of urine 
voiding and sexual function after rectal cancer surgery. Dis Colon 
Rectum 1991; 34: 532-9. 

Fishman IJ, Shabsigh R, Kaplan AL. Lower urinary tract dysfunction 
after radical hysterectomy for carcinoma of the cervix. Urol 1986; 28: 
462-8. 

Fraser AC. The late effects of Wertheims’s hysterectomy on the 
urinary tract. J Obstet Gynaecol Br Commonw 1966; 73: 1002-7. 
Tong XK, Huo RJ. The anatomical basis and prevention of neuro- 
genic voiding dysfunction following radical hysterectomy. Surg 
Radiol Anat 1991; 13: 145-8. 

Smith PH, Ballantyne B. The neuroanatomical basis for denervation 
of the urinary bladder following major pelvic surgery. Br J Surg 
1968; 55: 929. 

lio S, Yoshioka S, Nishio S et al. Urodynamic evaluation for bladder 
dysfunction after radical hysterectomy. Jpn J Urol 1993; 84(3): 
535-40. 

Todo Y, Kuwabara H, Watari H et al. Urodynamic study on postsur- 
gical bladder function in cervical cancer treated with systematic 
nerve-sparing radical hysterectomy. Int J Gynecol Cancer 2006; 16: 
369-75. 

Kuwabara Y, Suzuki M, Hashimoto M et al. New method to prevent 
bladder dysfunction after radical hysterectomy for uterine cervical 
cancer. J Obstet Gynecol Res 2000; 26(1): 1-8. 


33. 


34. 


J5: 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


Katahira A, Nikura H, Kaiho Y et al. Intraoperative electrical stimu- 
lation of the pelvic splanchnic nerves during nerve-sparing radical 
hysterectomy. Gynecologic Oncology 2005; 98: 462-6. 

Kilkku P, Hirvonen T, Gronoos M. Supra-vaginal uterine amputa- 
tion vs. abdominal hysterectomy: the effects on urinary symptoms 
with special reference to pollakisuria, nocturia and dysuria. 
Maturitas 1981; 3: 197-204. 

Ficazzola MA, Nitti VW. The etiology of post-radical prostatectomy 
incontinence and correlation of symptoms with urodynamic find- 
ings. J Urol 1998; 160(4): 1317-20. 

Winters JC, Appell RA, Rackley RR. Urodynamic findings in post- 
prostatectomy incontinence. Neurourol Urodyn 1998; 17: 493-8. 
Hubert J, Hauri D, Leuener M et al. Evidence of trigonal denervation 
and reinnervation after radical retropubic prostatectomy. J Urol 
2001; 165: 111-13. 

Columbo R, Bertini R, Salonia A et al. Nerve and seminal sparing 
radical cystectomy with orthotopic urinary diversion for select 
patients with superficial bladder cancer: an innovative surgical 
approach. J Urol 2001; 165: 51-5. 

Takenaka A, Leung R, Fujisawa M et al. Anatomy of autonomic nerve 
component in the male pelvis: the new concept from a perspective 
for robotic nerve sparing radical prostatectomy. World J Urol 2006; 
24: 136-43. 

Kaul S, Savera A, Badani K et al. Functional outcomes and onco- 
logical efficacy of Vattikuti Institute prostatectomy with Veil of 
Aphrodite nerve-sparing: an analysis of 154 consecutive patients. 
BJU Int 2005; 97: 467-72. 

Savera AT, Kaul S, Badani K et al. Robotic radical prostatectomy with 
the ‘Veil of Aphrodite’ technique: histologic evidence of enhanced 
nerve sparing. Eur Urol 2006; 49: 1065-74. 

Leissner J, Allhoff EP, Wolff W et al. The pelvic plexus and antireflux 
surgery: topographical findings and clinical consequences. J Urol 
2001; 165(5): 1652-5. 

Fung LCT, McLorie GA, Jain U et al. Voiding efficiency after ureteral 
reimplantation: a comparison of extravesical and intravesical tech- 
niques. J Urol 1995; 153: 1972. 

Barrieras D, Lapointe S, Reddy PP et al. Urinary retention after bilat- 
eral extravesical ureteral reimplantation: does dissection distal to the 
ureteral orifice have a role? J Urol 1999; 162: 1197. 

Zaontz MR, Maizels M, Sugar EC et al. Detrusorraphy: extravesical 
ureteral advancement to correct vesicoureteral reflux in children. 
J Urol 1987; 138: 947. 

Seif C, Braun PM, Martinez Portillo FJ et al. The risk of bladder 
denervation during antireflux surgery: a reliable neurophysiological 
model. J Urol 2002; 167(Suppl 4): 426. 

David S, Kelly C, Poppas DP. Nerve sparing extravesical repair of 
bilateral vesicoureteral reflux: description of technique and evalua- 
tion of urinary retention. J Urol 2004; 172: 1617-20. 

Rubin P, Cassarett GW eds. Central nervous system. In: Clinical 
Radiation Pathology. (Philadelphia: WB Saunders); 1968: 609-61. 
Johnstone PAS, Wassermann EM, O’Connell PG et al. Lumbosacral 
plexopathy secondary to hyperfractionated radiotherapy: a case pre- 
sentation and literature review. Radiat Oncol Invest Clin Basic Res 
1993; 1: 126-30. 

Olsen NK, Pfeiffer P, Johannsen L et al. Radiation-induced brachial 
plexopathy; neurological follow-up in 161 recurrence-free breast 
cancer patients. Int J Radiat Oncol Biol Phys 1993; 26: 43-9. 
Esteban A, Traba A. Fasciculation-myokymic activity and prolonged 
nerve conduction block. A physiopathological relationship in radiation- 
induced brachial plexopathy. EEG Clin Neurophys 1993; 89(6): 382-91. 
Keime-Guibert F, Napolitano M, Delattre JY. Neurological complica- 
tions of radiotherapy and chemotherapy. J Neurol 1998; 245: 
695-708. 

Posner JB. Side effects of radiation therapy. In Posner JB: Neurologic 
Complications of Cancer. Philadelphia: FA Davis Company, 1995: 312. 


Peripheral neuropathies of the lower urinary tract 


255 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


Crook J, Esche B, Futter N. Effect of pelvic radiotherapy for prostate 
cancer on bowel, bladder and sexual function: the patient’s perspec- 
tive. Urol 1996; 47(3): 387-94. 

Incrocci L, Koos Slob A. Incidence, etiology, and therapy for erectile 
dysfunction after external beam radiotherapy for prostate cancer. 
Urol 2002; 60: 107. 

Nguyen LN, Pollack A, Zagars GK. Late effects after radiotherapy for 
prostate cancer in a randomized dose-response study: results of a 
self-assessment questionnaire. Urology 1998; 51(6): 991-7. 

Tait DM, Nahum AE, Meyer LC et al. Acute toxicity in pelvic radio- 
therapy; a randomized trial of conformal versus conventional treat- 
ment. Radiother Oncol 1997; 42: 121-36. 

Kinsella TJ, DeLuca AM, Barnes M et al. Threshold dose for periph- 
eral neuropathy following intraoperative radiotherapy (IORT) in a 
large animal model. Int J Radiat Oncol Biol Phys 1991; 20: 697-701. 
Johnstone PAS, DeLuca AM, Bacher JD et al. Clinical toxicity of 
peripheral nerve to intraoperative radiotherapy in a canine model. 
Int J Radiat Oncol Biol Phys 1995; 32(4): 1031-4. 

Parkin DE, Davis JA, Symonds RP. Long-term bladder symptoma- 
tology following radiotherapy for cervical carcinoma. Radiother 
Oncol 1987; 9(3): 195-9. 


6l. 


62. 


63: 


64. 


65. 


66. 


Litwin MS, Pasta DJ, Yu J et al. Urinary function and bother after 
radical prostatectomy or radiation for prostate cancer: a longitudi- 
nal, multivariate quality of life analysis from the cancer of the 
prostate strategic urologic research endeavor. J Urol 2000; 164(6): 
1973-7. 

Maier U, Ehrenbock PM, Hofbauer J. Late urological complications 
and malignancies after curative radiotherapy for gynecological car- 
cinomas: a retrospective analysis of 10,709 patients. J Urol 1997; 
158(3): 814-17. 

Hanfmann B, Engels M, Dorr W. Radiation-induced impairment of 
urinary bladder function. Assessment of micturition volumes. 
Strahlenther Onkol 1998; 174(Suppl 3): 96-8. 

Behr J, Winkler M, Willgeroth F. Functional changes in the lower 
urinary tract after irradiation of cervix carcinoma. Strahlenther 
Onkol 1990; 166(2): 135-9. 

Sindelar WF, Hoekstra H, Restrepo C et al. Pathological tissue 
changes following intraoperative radiotherapy. Am J Clin Oncol 
1986; 9(6): 504-9. 

Michailov MC, Neu E, Tempel K. Influence of x-irradiation on 
the motor activity of rat urinary bladder in vitro and in vivo. 
Strahlenther Onkol 1991; 167(5): 311-18. 


20 


Dementia and lower urinary tract dysfunction 


Ryuji Sakakibara and Takamichi Hattori 


Introduction 


Urinary incontinence, dementia, and osteoporosis are 
major concerns in geriatric populations, which have grown 
rapidly in recent decades. Of the three, urinary inconti- 
nence is most often associated with dementia, since both 
conditions originate from the same underlying disorder 
and urinary incontinence occurs secondarily from demen- 
tia. Urinary incontinence can result in medical morbidity, 
impaired self-esteem, early institutionalization, stress on 
caregivers, and considerable financial cost. However, 
incontinence in persons with dementia has received lim- 
ited study. In some nursing home settings, incontinence 
may be accepted as the norm and approached with thera- 
peutic nihilism even though it is a potentially treatable 
condition. This chapter reviews the current concepts in 
lower urinary tract dysfunction associated with dementia, 
with particular reference to its prevalence, etiology, 
mechanism, and management. 


Prevalence 


Prevalence rate of urinary 
incontinence 


Of the lower urinary tract dysfunctions in patients with 
dementia, urinary incontinence and its prevalence have 
been the focus of most investigators.!"* Many studies have 
relied on both patient and family/caregiver reports, since 
patients with dementia may underreport the problem 
owing to underrecognition, forgetfulness, or embarrass- 
ment. Possibly owing to differences in patient selection 
among these studies, incontinence prevalence rates have 
varied considerably, from 11% to 90% of individuals with 
dementia (Table 20.1). As expected, institutional samples 
had the highest prevalence (90%), with progressively lower 
rates reported for mixed institutional-community dwelling 
samples (around 40%) and individuals attending out- 
patient clinics and living at home (lowest prevalence, 11%). 


The International Continence Society defines urinary 
incontinence as ‘the involuntary loss of urine which is a 
social or hygienic problem and is objectively demonstra- 
ble.!>"® This definition implies a certain severity of incon- 
tinence, although many studies have looked at the presence 
or absence of urinary incontinence. 

Ouslander et al’ found that 65% of incontinent subjects 
had fewer than three episodes per week, 11% had three to 
six episodes per week, and 24% had incontinence once a 
day or more. McLaren et al’ found that 90% of inconti- 
nent subjects had at least one episode during the 3-week 
assessment period, 78% had one episode a week, and 40% 
had incontinence once a day. Thus, according to these 
studies, more than two-thirds of incontinent patients with 
dementia have at least one episode a week. This figure con- 
trasts with general population surveys of elderly individu- 
als, of whom about 5% have urine loss at least once a 
week.'? According to Campbell et al,” urinary inconti- 
nence was found in 53% of patients with dementia and in 
13% of nondemented older individuals. 

In post-stroke patients who were admitted to a rehabili- 
tation program, Noto” found that urinary incontinence 
was present in 83% of patients with dementia and in 45% 
of nondemented patients. Institutional residents with 
dementia who were continent on admission were more 
likely to develop incontinence during a 12-month follow- 
up period, and incontinence was less likely to resolve in 
those individuals.'*!? In addition, dementia is more preva- 
lent in incontinent individuals than in those without. 
Palmer et al’ and Ouslander et al”? reported that 83% of 
incontinent nursing home residents had dementia, com- 
pared with only 58% of continent residents. Thus, these 
community-based and institutional studies confirm the 
frequent association between urinary incontinence and 
cognitive impairment. 

However, it should be emphasized that association does 
not imply causation. Many studies were performed irre- 
spective of underlying disease, even though it can consid- 
erably affect the prevalence rates of incontinence. As 
expected, compared with multi-infarct dementia, Berrios® 
found that incontinence was more prevalent in Alzheimer’s 


Dementia and lower urinary tract dysfunction 


257 


Prevalence of urinary incontinence in persons with dementia 


Mean age Dementia Rate of 
Study Year Setting n (years) type incontinence (%) Reference 
Teri 1989 Dementia clinic 56 71 AD 11 1 
Teri 1988 Dementia clinic 127 77 AD 15 2 
Teri 1990 Dementia clinic 106 77 AD 15 3 
Swearer 1988 Dementia clinic 95 69 AD/MID/mixed 17 4 
Udaka 1994 Neurology 38 69 AD 21 5 
inpatients/outpatients 
Berrios 1986 Psychiatry outpatients 100 80 AD/MID/mixed 35 6 
Ouslander 1990 Community 184 76 AD/MID/mixed 36 7 
Rabins 1982 Psychiatry 55 - AD/MID/other 40 8 
inpatients/outpatients 
Burns 1990 Psychiatry 178 80 AD 48 9 
inpatients/outpatients 
Campbell 1985 Random survey: 83 >64 - 53 10 
home/institution 
Borrie 1992 Chronic care hospital 139 - - 78 11 
Noto 1994 Rehabilitation hospital 36 68 MID 83 12 
Toba 1996 Chronic care hospital 867 >64 - 89 13 
Mclaren 1981 Psychogeriatric 121 81 AD/MID 90 14 
inpatients 


disease, which is the major etiology of severe cognitive 
decline. However, in dementia outpatient clinics, Teri 
et al’? found urinary incontinence in only 11-15% of 
patients with Alzheimer’s disease. On the other hand, 
Kotsoris et al” found urinary incontinence in up to 50% of 
84 outpatients with multi-infarct dementia. Thus, urinary 
incontinence in multiple cerebral infarction tends to 
appear earlier than in Alzheimer’s disease. Of particular 
importance is that urinary incontinence in those patients 
was not always accompanied by dementia and was often 
preceded by urinary frequency and urgency.”! This implies 
that urinary incontinence in multiple cerebral infarction 
may have a different mechanism than in Alzheimer’s 
disease, as will be discussed later. 


Sex distribution 


Among adults older than 60 years of age, urinary inconti- 
nence is twice as common in women as in men, reflecting 
anatomic differences in the urethra and the pelvic floor 
muscles that lead to stress urinary incontinence." 


Alzheimer’s disease also occurs more commonly in 
women. However, previous studies did not find a signifi- 
cant difference in the prevalence of incontinence between 
men and women with dementia.®”? On the contrary, 
Ouslander et al!’ reported that urinary incontinence was 
twice as prevalent in males as in females, and Palmer et al!® 
found that male gender increased the probability of uri- 
nary incontinence by 68% 1 year after admission to a nurs- 
ing home. These results are in line with the findings that 
men deteriorate mentally and physically more severely 
than women after admission to nursing homes.’* The pres- 
ence of prostatic hypertrophy predisposing to urinary 
overflow, combined with the male predominance of multi- 
infarct dementia, may explain these findings.'*!” 


Etiology 


We now briefly discuss the underlying etiologies of both 
dementia and lower urinary tract dysfunction. It should be 
noted that in a clinical context, comorbidity of degenera- 
tive and vascular pathologies seems likely. 
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Alzheimer’s disease 


Alzheimer’s disease is the most common cause of demen- 
tia in the elderly, and accounts for more than 50% of 
dementia patients.” The pathologic hallmarks of this 
disease include senile plaques and neurofibrillary tangles, 
together with neuronal degeneration, which appears 
initially in the temporal and parietal cortices.” 
Neurofibrillary tangles are tau-positive, whereas senile 
plaques are amyloid-betal—42 positive, both of which can 
increase in the cerebrospinal fluid of patients with 
dementia. Recent positron emission tomography (PET) 
scans using Congo-red/thioflavin-T derivatives showed 
increased amyloid deposits in the parieto-temporal lobe of 
Alzheimer’s disease patients in vivo.” Coronal and axial 
slices of magnetic resonance imaging (MRI) scans, or axial 
computed tomography (CT) scans, can reveal atrophy of 
the cerebral cortex and hippocampus (Figure 20.1); the 
latter accounts for memory impairment. 

Dementia in Alzheimer’s disease is characterized by loss 
of memory, intellectual dysfunction, disturbances in 
speech such as anomia (difficulty in word finding), and 
various types of apraxia and agnosia. In practice, dementia 
can be indicated by test scores, such as 23 or lower of 30 
points on the mini-mental status examination (MMSE). 
Emotional disturbances include depression in about 25% 
of patients, with agitation and restlessness also common. 
Motor signs are particularly rare early in the course of the 
illness. Typical Alzheimer’s disease patients have MMSE 
scores of less than 5, even though they can walk into the 
clinic without assistance. However, as the disease pro- 
gresses, increased deep tendon reflexes and parkinsonian 
syndrome may develop. Myoclonus is occasionally 
reported. Decreased motivation and initiative are also 
significant features. In most advanced cases, abulia (loss 
of psychomotor activity) or apallic syndrome (akinetic 
mutism, vegetative state) occurs, making the patient totally 
dependent. As discussed earlier, prominent urinary distur- 
bances do occur in Alzheimer’s disease but are very 
uncommon at an early stage. 


Dementia with Lewy bodies 


Dementia with Lewy bodies (DLB) is a newly recognized 
entity that is considered to be the second most common 
degenerative cause of dementia.” In particular, DLB has 
attracted growing attention because the cognitive impair- 
ment that occurs with this disorder responds well to cen- 
tral cholinergic agents.” The name DLB is pathologically 
derived: Lewy bodies are cytoplasmic inclusion bodies, and 
they appear to be widespread in the cerebral cortex and 
basal ganglia in patients with this disorder.” Lewy bodies 
are alpha-synuclein-positive, presumably reflecting 


Figure 20.1 

Magnetic resonance imaging of Alzheimer’s disease. Atrophy in 
the hippocampus is the characteristic feature, and is typically 
observed in coronal planes (arrows) (image courtesy of 

Dr Shoichi Ito). 


cytoskeletal alteration.*? Lewy bodies are known as 
a pathologic hallmark of Parkinson’s disease, but in 
Parkinson’s they appear almost exclusively in the substan- 
tia nigra of the basal midbrain. Thus, the clinical features 
of DLB are a combination of dementia and parkinsonian 
syndrome, and visual hallucinations and fluctuation of the 
symptoms are common. In DLB, fluorodopa PET imaging 
reveals decreased dopaminergic neurons,” as is seen in 
Parkinson’s disease. Brain MRI findings are not disease- 
specific for the diagnosis of DLB or Parkinson’s disease. 
However, in DLB, brain perfusion imaging by single- 
photon emission computed tomography (SPECT) shows a 
diffuse decrease in perfusion, including the occipital lobe 
(Figure 20.2). This is in contrast to Alzheimer’s disease, in 
which the occipital lobe is usually spared. This occipital 
lobe hypoperfusion may be relevant to the visual halluci- 
nations in this disorder. Del-Ser et al?’ found that the onset 
of urinary incontinence was significantly earlier in patients 
with DLB (3.2 years after dementia onset) than in patients 
with Alzheimer’s disease (6.5 years after dementia onset). 
In Alzheimer’s disease, urinary incontinence is often asso- 
ciated with a severe cognitive decline, whereas in DLB it 
usually precedes severe mental failure. A significant though 
less common feature of DLB is widespread autonomic fail- 
ure. In such cases, clinical presentations may mimic those 
of multiple system atrophy. When neuronal loss and Lewy 
bodies appear selectively in the peripheral nervous system, 
it is called ‘pure autonomic failure (PAF), which forms a 
spectrum of Lewy body diseases (Figure 20.3). 
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Figure 20.2 

Brain perfusion single-photon emission computed tomography 
of dementia with Lewy bodies (DLB). Decreased brain perfusion 
including the occipital lobe is the characteristic imaging feature 
and is observed in axial and coronal planes (arrow). Decreased 
brain perfusion reflects the impairment of cortical activities 
resulting from this disorder. 


Multiple cerebral infarction 


Multiple cerebral infarction is regarded as the third most 
common cause of dementia in the elderly, and, if dementia 
is the main problem, it is called a multi-infarct (vascular) 
dementia.” The cardinal features of multi-infarct demen- 
tia include history of stroke, stepwise deterioration, fluctu- 
ating course, focal neurologic symptoms, parkinsonian 
syndrome with wide-based gait, emotional incontinence, 
and the presence of arteriosclerotic risk factors such as 
hypertension. Of these features, Kotsoris et al” found that 
urinary disturbance, noted in 50% of patients, frequently 
preceded the development of dementia by 5 years or more. 
Similarly, gait disturbance, noted in 24%, preceded the 
development of dementia by 2 years or more. Even though 
two-thirds of men with urinary disturbance had been diag- 
nosed with benign prostatic hypertrophy, urinary symp- 
toms often persisted after prostatectomy. Fluid-attenuated 
inversion recovery (FLAIR) imaging of MRI scans is the 
most sensitive method for detecting and grading multiple 
cerebral infarction, particularly white-matter changes. 
Sakakibara et al”! graded MRI-defined white-matter multi- 
infarction on a scale of 1 to 4, and found that urinary 
disturbance was more common than cognitive or gait 
disorders, particularly in patients with mild (grade 1) 
lesions. In addition, nocturnal urinary frequency was a 
more common and earlier feature than urinary inconti- 
nence (Figure 20.4).** Therefore, it is likely that urinary 
disturbance is the initial manifestation in a number of 
multi-infarction patients. 


Dementia 


Parkinsonian Autonomic 
syndrome failure 


Figure 20.3 

Spectrum of Lewy body diseases. When dementia is present, 
dementia with Lewy bodies is diagnosed (when motor disorder 
precedes dementia, it is also called Parkinson’s disease with 
dementia). When motor disorder predominates, Parkinson’s 
disease is diagnosed. When autonomic failure is the only 
manifestation, pure autonomic failure is diagnosed. 


Other cerebral causes 


Less common but potentially treatable causes of urinary 
incontinence/dementia should be addressed. Normal 
pressure (communicating) hydrocephalus is such a dis- 
order in the elderly.** The clinical features of this disorder 
are often indistinguishable from those of multi-infarct 
dementia — parkinsonian syndrome, urinary inconti- 
nence, and dementia — the first two of which very often 
precede dementia.’ However, in established cases the 
level of consciousness tends to decline, which is rarely 
seen in multi-infarct dementia. MRI scans reveal the pres- 
ence of disproportionately dilated cerebral ventricles with 
cortical pressure signs. CT-ventriculography reveals a 
delayed disappearance (reflux) of contrast medium from 
lateral ventricles. A positive spinal tap test may predict 
successful outcome of shunt surgery. Chronic subdural 
hematoma is a cause of transient dementia and urinary 
incontinence. These signs usually appear several weeks 
after an episode of a fall, though they are not always 
apparent in elderly individuals. One-side-dominant pyra- 
midal signs are common features, since this disease usu- 
ally has laterality even though it occurs bilaterally. CT 
scans reveal crescent-like hematoma, particularly in the 
frontoparietal region. 
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Cerebral white-matter lesions and urinary dysfunction. (a) Schematic 
presentation of the grading of white-matter lesions on magnetic resonance 
imaging (MRI) (according to Brand-Zawadzki et al). Grade 1: punctate foci with 
high signal intensity in the white matter immediately at the top of the frontal 
horns of the lateral ventricles. Grade 2: white-matter lesions were seen 
elsewhere but remained confined to the immediate subependymal region of 
the ventricles. Grade 3: periventricular as well as separate, discrete, deep white- 
matter foci of signal abnormality. Grade 4: discrete white-matter foci had 
become large and coalescent. (b) Urinary dysfunction and white-matter lesions 
on MRI. (c) Cognitive disorder and white-matter lesion on MRI. MMSE: mini- 
mental state examination. (d) Gait disorder and white-matter lesion on MRI. 


Dementia and lower urinary tract dysfunction 261 


1. BX i 
EG 


can not go to toilet! 
(gait) 


others 
a. 


2. eke] 


i 


how to get to toilet? 
(congnition) 


Ste. 


toilet? 
(initiative) 
[indifference to 
incontinence] 


hemispacial 


consciousness neglect 


disturbance 


Mechanism 


There are several prerequisites for maintaining continence 
in the elderly: 


1. the presence of a normal lower urinary tract with intact 
innervation for both urinary filling and voiding 

2. willingness to hold urine after having the first sensation 
and proper motivation to urinate in the toilet 

3. a cognitive ability to know how to get to a toilet and 
how to adjust clothing 

4. the physical ability to reach the toilet with hand dexterity 
sufficient to disrobe 

5. an absence of medications that adversely affect the 
lower urinary tract innervation or alertness 

6. a proper environment, including access to toilets and a 
lack of restraints. 


It is very likely that incontinence in elderly demented 
patients is multifactorial, and often one factor relates to 
another. 


Functional incontinence 


Functional incontinence is the major cause of urinary 
incontinence in dementia. It refers to incontinence that is 
not derived from an abnormality in the lower urinary 
tract or its innervation, but from immobility, cognitive 
disability, and decreased motivation (Figure 20.5). 
Whereas patients with reduced mobility have a hard time 
going to the toilet, which seems farther away than it used 
to, patients with cognitive decline face a different prob- 
lem: they do not know how to get to the toilet. In both 
cases, the patient worries over these difficulties. On the 
other hand, patients with less initiative — i.e., those with 


Figure 20.5 
Functional incontinence: incontinence with 
normal LUT and innervation. 


functional incontinence — may no longer worry about 
getting to the toilet or even about incontinence itself. In 
the most advanced cases, patients are indifferent to 
makeup, clothing, hygiene, and incontinence. They are 
akinetic, mute, and totally dependent. Disturbed con- 
sciousness may well lead to incontinence in patients with 
acute brain lesions. Similarly, left hemispacial neglect 
leads to incontinence in patients with brain lesions in the 
right hemisphere. 

Among these factors, many studies have shown that the 
severity of immobility and that of dementia are positively 
correlated with functional incontinence.** The parkinson- 
ian gait in these diseases is characterized as slow and short- 
stepped, with festination and postural instability. A 
wide-based ataxic gait often overlaps the short-stepped 
gait, particularly in cases of multiple cerebral infarction. 
The sites responsible for the gait disorder seem to be in the 
basal ganglia and medial frontal lobe, particularly the sup- 
plementary motor area or its pathways,” which partially 
overlaps the frontal micturition center. In addition, lesions 
in the basal ganglia cause both motor and micturition dis- 
orders, as seen in Parkinson’s disease. In contrast, cognitive 
and motivation disorders are thought to reflect broad cor- 
tical dysfunction, as seen in Alzheimer’s disease. Gait dis- 
order and detrusor overactivity (DO) may be early and 
prominent features of multiple cerebral infarction and 
DLB, and may lead to functional incontinence and fre- 
quent falls, whereas they are very uncommon in the early 
stage of Alzheimer’s disease. Taken together, these findings 
show that neurogenic urinary dysfunction (particularly 
DO) and gait disorder often appear together, as both reflect 
rather focal brain dysfunction (the basal ganglia and the 
medial frontal cortex). In contrast, functional incontinence 
appears secondarily from gait disorder and/or cognitive/ 
motivation disorders, the latter reflecting more widespread 
brain dysfunction (Figure 20.6). 
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In addition, incontinence may develop because of con- 
fusion secondary to a superimposed delirium. Major 
depression occurs in up to 20% of patients with 
Alzheimer’s disease, and apathy, psychomotor retardation, 
and lack of initiative may also precipitate immobility. 
Regression analysis by Resnick et al’ revealed that cognitive 
impairment only doubled the risk of incontinence. 
Similarly, Jirovec and Wells” found that, in nursing home 
residents with dementia, immobility emerged as the best 
predictor of urinary incontinence. McGrother et al*° found 
that 96% of subjects with dementia and incontinence were 
also dependent in getting to the toilet or dressing, and the 
combination of dementia and locomotor problems was 13 
times more common among incontinent than continent 
individuals. Interestingly, post-stroke patients were incon- 
tinent and less active in daily living when they had left 
hemispacial neglect.*! This finding suggests the impor- 
tance of the right brain for general attention. In rehabilita- 
tion settings, urinary incontinence on admission predicted 
prolonged hospitalization and low scores in the Functional 
Independence Measure at discharge.** In post-stroke 
patients, those with cognitive impairment, pressure ulcer, 
urinary incontinence, or hearing impairment were more 
likely to significantly decline in physical functioning.** 
Falls during rehabilitation were strongly associated with 
bilateral motor deficit, male gender, and incontinence.* 
Cognitive decline after stroke was associated with high age 
and incontinence. These associations can be explained as 
follows. Patients with functional incontinence may well 
have larger, multiple brain lesions, and tend to have more 
severe cognitive and gait disorders. In other words, the 
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Figure 20.6 
Relationship between functional 
incontinence and overactive bladder. 


important implication of these findings is that, in those 
patients, improvement in initiative and mobility for toilet- 
ing may well lead to a reduction of incontinence. In partic- 
ular, treatment will be successful insofar as persons with 
dementia alert their caregivers to urinary sensation and 
incontinence. Conversely, nocturia, a primary symptom of 
OAB, may result in sleep deprivation, which can have detri- 
mental effects on psychologic performance (e.g., cognitive 
slowing, memory impairment).* Older people with cogni- 
tive impairment are at increased risk of falls, and elderly 
patients with urinary urge incontinence are also at 
increased risk of falls and fractures.” 

Social and environmental factors also need to be consid- 
ered. In some nursing home settings, diapers are automat- 
ically used for any patient, continent or not; if incontinence 
is found, balloon catheters are indwelled. Consequently, 
continence seems to be neither expected nor a high prior- 
ity of care. In addition, toilet facilities may not be visible or 
easily accessible, thereby increasing the risk of inconti- 
nence. It should be mentioned that physical restraints can 
be iatrogenic causes of immobility. Behaviorally disturbed 
nursing home residents are more often restrained and 
unable to get to the toilet. 


Overactive bladder 


Besides functional incontinence, overactive bladder (OAB) 
is a major cause of urinary incontinence in dementia. 
When OAB is accompanied by incontinence, it is called 
OAB-wet; when not, it is called OAB-dry. OAB is a generic 
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term that is now widely used to describe urgency (com- 
plaint of a sudden compeling desire to pass urine that is 
difficult to defer), with or without incontinence, usually 
with urinary frequency and nocturia.'® OAB is common in 
the general population, with its prevalence in individuals 
aged 18 years and older being estimated as 16.5%, and this 
prevalence significantly increases with age (20-40%) 
(Figure 20.7).*”“8 Among the elderly, cognitive impairment 
might contribute to OAB-wet considerably. 

Although urodynamic study is a gold standard for 
examining lower urinary tract (LUT) function, not many 
detailed studies have been made in cognitively impaired 
older subjects, because of methodologic (reliability) and 
ethical (feasibility and benefit) issues. To insure the accu- 
racy of urodynamic results, the tests are better performed 
by physicians (with or without well-trained assistants) and 
by encouraging and communicating with the patient, 
particularly for assessing bladder capacity. In severely 
demented patients, we occasionally need to construe their 
urinary sensation based on their facial expression and body 
language. Rectal pressure monitoring is a necessity to sub- 
tract pressure changes that come from unwanted body 
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movements and strains. Sphincter electromyography 
(EMG) recording is a matter of controversy since it is con- 
sidered a bit harmful, although it may provide us with 
important information when there are large postvoid 
residuals. Considering these difficulties, there is an opinion 
that urodynamic testing should only be undertaken if 
empirical therapy has failed and other therapy approaches 
need to be tried, and if surgery is being considered. In 
addition, urodynamic testing has not been considered a 
prerequisite for a pharmacologic trial in patients with 
symptoms of OAB. 

DO is urodynamically defined as an involuntary phasic 
increase in detrusor pressure > 10 cmH,O during fillings; it 
is commonly associated with decreased bladder volumes 
at first sensation and maximum desire to void. DO is 
observed in a significant proportion of cognitively intact 
older subjects. In those subjects, two major etiologies for 
DO have been proposed: central and peripheral. Peripheral 
etiology includes detrusor muscle change, which may 
increase with age, as detected by electron microscopy.” 
Muscle cells from patients with DO in vitro have greater 
spontaneous contractile activity than those from normal 
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detrusor, and greater sensitivity to electrical field stimula- 
tion and acetylcholine.» Attention has also been paid to men 
with outlet obstruction, in which increased a-adrenergic 
receptors and morphologic—biochemical changes of the 
detrusor muscles may lead to increased contractile activity 
and possible DO.” In such cases, surgical treatment of the 
obstruction may lessen DO. 

Central etiology is thought to be more significant for 
DO. It is well known that cerebral diseases can lead to a loss 
of the brain’s inhibitory influence on the spino-bulbo- 
spinal micturition reflex. The information that arises from 
the lower urinary tract reaches the pontine micturition 
center (PMC), which then activates the descending path- 
way to the sacral preganglionic neurons innervating the 
bladder.” The anteromedial frontal cortex is thought to be 
the higher center for micturition, since lesions in this area 
lead to DO and urinary retention (Figure 20.8); the latter 
occurs particularly in the initial phase. Recent PET studies 
have shown that during bladder filling the frontal micturi- 
tion center is tonically active, together with activation in 
the basal ganglia and the pontine storage center adjacent to 
the PMC. Griffiths et al” studied 128 geriatric inconti- 
nent patients, half of whom had dementia, and found that 
half of the 128 patients had DO by video-urodynamic 
study. In addition, SPECT imaging showed that patients 
with DO had significant underperfusion in the right 
frontal lobe. Similarly, cognitively intact, community 
dwelling older individuals commonly show ‘silent multiple 
cerebral infarction by MRI scans.”°°* Detailed examination 
in that study revealed the presence of gait disorder, which 
is suggestive of the disease. Most of the individuals were 
continent, but often had nocturnal urinary frequency and 
urgency due in part to DO. In urodynamic studies of 133 
incontinent female nursing home residents, 88% of whom 
had dementia, Yu et al** found normal bladder function in 
41%, DO in 38%, stress incontinence in 16%, and overflow 
incontinence from outlet obstruction in 5%. Resnick et al”? 
reported that 64% of nursing home residents with demen- 
tia had DO, compared with 47% of those who were cogni- 
tively intact. In women, a positive correlation was found 
between the presence of DO and dementia. These findings 
suggest a correlation between these two conditions, and 
that demented patients often have DO as a significant 
cause of incontinence. 

Although not many studies have specified the types of 
dementia, Mori et al? examined 46 institutionalized demen- 
tia patients, 31 of whom had Alzheimer’s, 11 of whom had 
multi-infarct dementia, and 4 of whom had both; they 
found DO in 58%, 91%, and 50%, respectively. Sugiyama et 
al® found DO in 40% of 20 patients with Alzheimer’s dis- 
ease. In particular, DO was noted in 8 of 13 incontinent 
patients and in 0 of 7 continent patients. We examined LUT 
function in 11 DLB patients.“ All patients had LUT symp- 
toms: urinary incontinence, 10 (urgency type, 7; functional 
type due to dementia and immobility, 2; both urgency and 
stress type, 1) and OAB symptoms in 9. Postvoid residual 


was noted in 7, and residual urine volume >100 ml was 
noted in 3. Decreased urinary flow was noted in all of the 5 
patients who underwent flowmetry. DO was revealed in 5 of 
the 7 patients undergoing EMG-cystometry: a low compli- 
ance detrusor in 2 (storage phase); an underactive detrusor 
in 4, an acontractile detrusor in 1, and detrusor-sphincter 
dyssynergia in 1 (voiding phase). Bethanechol supersensitiv- 
ity of the bladder was noted in the 2 patients with low com- 
pliance detrusor. Neurogenic changes were revealed in 2 of 
the 3 patients undergoing motor unit potential analysis. 
These peripheral features may need differential diagnosis 
from multiple system atrophy. 

Sphincter EMG also revealed uninhibited sphincter 
relaxation (USR) in the patients. When USR occurs 
together with DO, incontinence becomes more prominent, 
which is thought to be a feature of cerebral diseases. The 
pathology of Alzheimer’s disease involves the medial frontal 
lobe, which receives various inputs from another brain area. 
Of particular importance is the cholinergic pathway that 
originates from the nucleus basalis Meynert (Ch4 cell 
group). In experimental studies, lesions in this small 
nucleus give rise to DO, suggesting cortical cholinergic neu- 
rons have an inhibitory role in the micturition reflex.® 
Sakakibara et al examined 19 patients with multi-infarct 
dementia. All of them had nocturnal frequency and 
urgency, and 70% had urinary incontinence of the urgency 
and stress types. Urodynamic studies revealed DO in 70% 
and a low compliance curve in 10%. Sakakibara et al”! uro- 
dynamically studied 22 elderly subjects with white-matter 
multi-infarction and 11 subjects without. DO was signifi- 
cantly more prevalent in those with white-matter lesions 
(82%) than in those with normal MRI (9%). Although the 
difference was not statistically significant, USR was more 
common in subjects with white-matter lesions. Thus, 
according to these reports, DO contributes to urinary fre- 
quency and urgency incontinence more in multi-infarct 
dementia than in Alzheimer’s disease. 


Bladder underactivity 


Resnick and Yalla“ reported that a subgroup of inconti- 
nent elderly individuals with DO, most of whom were 
women, had bladder underactivity that led to post-mic- 
turition residuals (PMRs) with an average volume of 95 ml; 
they called this detrusor hyperactivity with impaired con- 
tractile function (DHIC). Although Eastwood and Lord® 
were not able to replicate these findings, Elbadawi et al® 
found that patients with DHIC could be differentiated 
from those with DO and normal contractility on the basis 
of the detrusor ultrastructure. Another important finding by 
Resnick and Yalla% was that sphincter EMG of patients with 
DHIC did not show detrusor-sphincter dyssynergia. We pre- 
viously performed pressure—flow analysis in 8 patients with 
Alzheimer’s disease who had neither PMR nor detrusor- 
sphincter dyssynergia. However, the mean voiding pressure 
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of the patients was 54 cmH,O (range 20-101 cmH,0), and 
5 of the 8 had weak detrusor. 

Sakakibara et al’! also found that persons with multi- 
infarction were more likely to have PMR with an average 
volume of 93 ml than those without (50% vs 9%, respec- 
tively). Correctly diagnosing the impaired contractility 
group with urodynamic testing is of therapeutic impor- 
tance, because such patients may be at risk of acute urinary 
retention if given anticholinergic medication.*’ Kuwabara 
et al” studied PMR volumes by portable echography 
(BV5000) in 82 institutionalized dementia patients; 45 had 
Alzheimer’s disease, 19 had multi-infarct dementia, 5 had 
normal pressure hydrocephalus, 2 had Pick’s disease, and 11 
had other causes. Eighty-three percent of the patients had 
urinary urgency or incontinence. They found PMR>100 ml 
in 6 patients (8%), consisting of Alzheimer’s disease in 5 
and multi-infarct dementia in 1. However, the cause of the 
high PMR in those patients was assumed to be drug- 
induced in 1, prostate hypertrophy in 1, frontal lobectomy 
for pre-existing schizophrenia in 1, and unknown in 2. 

DHIC is recognized in various brain diseases (parkin- 
sonian syndrome, Alzheimer’s disease, etc.) and spinal cord 
diseases (cervical spondylotic myelopathy, etc.).”' However, 
the exact pathophysiology of DHIC is still uncertain. In 
brain diseases, one explanation is that two separate brain 
areas (the facilitatory and inhibitory brain sites for micturi- 
tion) might be involved that lead to DHIC. In contrast, in 
spinal cord lesions, a single partial lesion in the spinal auto- 
nomic pathways could cause DHIC, since it disrupts the 
spino-bulbo-spinal micturition reflex arc, and could cause 
the emergence of a C-fiber-mediated novel sacral micturi- 
tion reflex arc below the lesion.” In the clinical context, the 
prevalence of a combination of multiple diseases, such as 
multiple cerebral infarction and diabetic neuropathy, or 
cervical and lumbar spondylotic radiculopathy, seems to be 
high. These combinations can lead to DHIC by lesions in 
the central (mostly inhibitory) and peripheral (facilitatory) 
nervous systems. Among comorbid conditions, lumbar 
spondylosis and diabetic polyneuropathy are common in 
the elderly. Examination of the lower extremities for sensa- 
tion and deep tendon reflexes may provide cues to suspect 
these disorders. These issues are particularly problematic in 
patients who have undergone prostate hypertrophy for 
large PMR or retention, since impaired detrusor contractil- 
ity during voiding is a significant factor that may lead to an 
unsuccessful surgical outcome.” 


Stress urinary incontinence 


It is important to evaluate patients for comorbid stress 
incontinence, since it is a very common condition due to 
pelvic floor weakness in older women and is potentially 
treatable. In an older incontinent population, Payne” 
found that half of the patients suffered from pure stress 


incontinence, 10-20% had pure urge incontinence, and the 
remaining patients had both. Resnick et al” noted that a 
significant proportion of women with dementia also had 
stress urinary incontinence. Although the reliability of 
stress incontinence diagnoses decreased as the severity 
of dementia increased, 80% of those with MMSE scores of 
10-23 and 66% of those with scores of 9 or lower were still 
able to perform a stress maneuver. 


Nocturnal polyuria 


Nocturnal polyuria is a common reason for nocturia in the 
elderly, and is potentially treatable. Nocturnal polyuria in 
older individuals seems to be multifactorial. It may result 
from congestive heart failure or liver cirrhosis, but may also 
have a cerebral etiology. Cerebrovascular disease may cause 
nocturnal polyuria, particularly when it involves the hypo- 
thalamic region that contains arginine vasopressin (AVP) 
neurons. We had such patients; they lost the circadian 
rhythm of plasma AVP, which normally rises at night. 
Diabetes is also a common cause of polyuria. 


Drug-induced incontinence 
and retention 


Drugs that may affect either the central nervous system or 
the lower urinary tract are potential causes of transient 
incontinence. In a study of 84 elderly, incontinent, female 
nursing home residents, Keister and Creason’? found 
that 70% of subjects were taking a drug that could poten- 
tially cause incontinence. Antipsychotic medications, anti- 
depressants, benzodiazepines, and sedatives are frequently 
used to treat agitation, insomnia, and depression, and may 
cause incontinence through increased confusion, sedation, 
parkinsonism, and immobility. Urinary retention and 
overflow may result from the anticholinergic side-effects 
of tricyclic antidepressants and antipsychotic medications. 


Management 


In general, management for lower urinary tract dysfunction 
in dementia patients needs to be individualized, and the 
risk/benefit ratio of these procedures, particularly invasive 
or irreversible treatments, needs to be carefully considered. 


Treatment of transient causes 


The first step in management is to identify and treat tran- 
sient acute causes of incontinence. Acute causes may be 
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recalled from the mnemonic ‘DIAPERS’ (Delirium, 
Infection, Atrophic vaginitis, Pharmaceuticals, psychologic 
factors, Endocrine conditions, Restricted mobility, Stool 
impaction).”4 Some factors are derived from the dementing 
illness, but others are from comorbid medical conditions, 
inappropriate environment, and medication. There are 
also interrelationships among these factors. An elderly 
patient’s delirium may be secondary to, for example, a 
pharmacologic or infectious outcome. 


Toileting/behavioral therapy 


Toileting regimens (behavioral therapy) have been used to 
manage functional incontinence in elderly individuals. 
Patients with decreased motivation, cognitive disability, 
and gait disorder are highly likely to be incontinent. With 
prompted voiding, patients who have decreased motiva- 
tion are asked on a regular schedule if they need toileting 
assistance, but are given such assistance only if they request 
it. Prompted voiding is usually combined with positive 
reinforcement, in the form of praise, for making appropri- 
ate toileting requests and for keeping themselves dry. On 
most occasions, patients require physical assistance with 
toileting because of comorbid gait disorder and cognitive 
disability. According to Skelly and Flint,” who carefully 
reviewed seven studies, patients were dry 64% of the time 
at baseline on average when they were checked every 1-2 
hours during waking hours. After treatment, this figure 
rose to 76%. This translated into a 32% mean relative 
reduction in wet episodes. A better response to the treat- 
ment was obtained in less demented patients, i.e., those 
who could recognize the need to void, and had fewer than 
four episodes of incontinence per 12-hour period. As 
expected, normal bladder function also predicted better 
response. With scheduled toileting, patients who had little 
or no motivation were toileted on a regular schedule (fixed 
schedule), usually every 2 hours, or on a schedule that 
matched the patient’s own voiding pattern (individualized 
schedule). Ouslander et al” examined the effects of a fixed, 
2-hourly toileting schedule on 15 cognitively impaired 
patients with DO, of whom 53% needed physical assis- 
tance. Toileting significantly reduced the incidence of 
incontinence, from 43% to 32%. Flint and Skelly” reported 
that 55% of ambulatory dementia patients became dry or 
had a significant improvement in incontinence with a toi- 
leting schedule. However, Jirovec’® reported that 6 weeks of 
scheduled toileting did not improve incontinence in a 
group of demented and dependent nursing home resi- 
dents, although poor staff compliance with the toileting 
program contributed to the negative outcome. The results 
suggest that more severely demented and less mobile indi- 
viduals with bladder abnormalities are the least likely to 
benefit from toileting programs. Cost/benefit studies have 
indicated that the labor costs of toileting programs may be 


higher than the savings in laundry costs to the nursing 
home.”? However, carefully selecting patients who can 
most benefit from toileting regimens is one possible way of 
reducing conflict between the cost and dryness. 
Environmental settings are also important for managing 
functional incontinence. Chanfreau-Rona et al5° assessed 
whether enhanced visual cues, such as painting the toilet 
doors bright orange and displaying large pictures of a lady 
sitting on a toilet, would have an impact on incontinence 
in severely demented women in a psychogeriatric ward. 
However, when environmental changes were the only 
treatment intervention, incontinence did not improve. 
Nevertheless, recommended toilet settings may include 
mobility aids such as hallway handrails, canes, walkers, and 
wheelchairs; easy toilet access and visibility; improvements 
to toilet facilities such as better lighting, grab bars, and toi- 
let seat height; automatic washing devices for the buttocks 
and lift-up commodes; and, finally, well-designed clothes 
to make disrobing easier. Also, to maximize continence, 
alternatives to physical restraints need to be sought. 


Medication 


Cognitive impairment and decreased 
motivation 


Although the etiology of Alzheimer’s disease remains 
uncertain, the cognitive deficits in Alzheimer’s disease 
patients are thought to be due, at least in part, to a decrease 
in cholinergic innervation of the cerebral cortex and basal 
forebrain. The loss of cholinergic nerve terminals in 
Alzheimer’s disease is detected in vivo by PET using acetyl- 
cholinesterase (AChE) activities. Central cholinergic agents 
are widely used in the treatment of cognitive decline in 
Alzheimer’s disease. There are several central cholino- 
mimetic agents, including donepezil hydrochloride and 
rivastigmine, both of which are central AChE inhibitors 
that decrease degradation of acetylcholine, thus increasing 
the concentration of acetylcholine in the synaptic cleft. 
These agents inhibit AChE selectively in the brain,*! and 
this action reverses cognitive decline in mild to moderate 
Alzheimer’s disease patients for at least 6-12 months.* 
Clinicians must be aware that these agents may cause 
adverse gastrointestinal effects as peripheral nervous sys- 
tem (PNS) effects. As mentioned above, a subgroup of 
Alzheimer’s disease patients have urge incontinence and 
DO even at an early stage. Hashimoto et al®* reported that 
7% of patients taking 5 mg/day of donepezil showed 
urinary incontinence as a potential initial adverse effect. 
However, we recently showed that donepezil could amelio- 
rate cognitive function without serious adverse effects on 
the LUT function in patients with Alzheimer’s disease.** As 
regards the changes in urodynamic parameters, DO 
appeared to be augmented after donepezil treatment, 
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which is reasonably attributed to the PNS effects as seen 
with other cholinergic drugs. However, our patients with 
Alzheimer’s disease showed a slight increase in bladder 
capacity, which cannot be explained by PNS effects alone. 
Although it is unknown to what extent the central cholin- 
ergic circuit may participate in the regulation of micturi- 
tion, experimental studies showed that lesions in the 
nucleus basalis Meynert in the basal forebrain (central 


Post Alzheimer’s disease.®* 


cholinergic nucleus projecting fibers to the frontoparietal 
cortex) lead to decreased bladder capacity.® In addition, 
improved cognitive status and alertness may well give the 
patient sufficient initiative to hold urine. Therefore central 
AchE inhibitors, including donepezil hydrochloride, may 
have complex effects on LUT function (Figure 20.9). 
Cognitive impairment in patients with DLB also 
responded well to central cholinergic agents.” In patients 


Dementia and lower urinary tract dysfunction 269 


with mild to moderate dementia, decreased motivation can 
be treated with 200-300 mg/day of amantadine hydrochlo- 
ride. However, it has not been determined whether these 
drugs could improve patients’ disability scale scores in toi- 
leting and functional incontinence. Aniracetam is a pyrro- 
lidinone derivative and is thought to facilitate cholinergic 
neurotransmission. In an open study of 52 senile post- 
stroke patients, some of whom had dementia, Kumon 
et al% found that 600 mg/day of aniracetam improved 
urinary and fecal incontinence in 46% of the patients. 


Gait disorder 


Gait disorder is a symptom of parkinsonian syndrome in 
multi-infarct dementia and DLB, but it also occurs mildly 
in Alzheimer’s disease. Although levodopa seems less effec- 
tive in Alzheimer’s than in Parkinson’s disease, 200—300 
mg/day (usually coupled with peripheral dopa-decarboxy- 
lase inhibitor) ameliorates gait disorder in dementia 
patients, and may be of benefit in treating functional 
incontinence. Levodopa is better prescribed in conjunction 
with rehabilitation programs, since Jirovec** found that, in 
cognitively impaired nursing home residents, a daily exer- 
cise program designed to improve walking significantly 
reduced daytime incontinence. Physicians should also be 
aware of the potential adverse effects of levodopa, such 
as postural hypotension and hallucinations. Although 
levodopa seems to ameliorate urinary urgency in early, 
untreated Parkinson’s disease patients,®””° it may augment 
DO in a 1-hour time window in early?! or advanced 
Parkinson’s disease patients.” 


Overactive bladder 


Medications used to treat overactive bladder (OAB) or DO 
include anticholinergic agents such as propantheline, oxy- 
butynin, and propiverine, and smooth muscle relaxants 
such as flavoxate. Mori et al® performed urodynamic stud- 
ies in 46 dementia patients, and found DO in 58% of 
Alzheimer’s patients and 91% of multi-infarct dementia 
patients. They conducted an open trial with 20 mg/day of 
propiverine hydrochloride for 2 weeks, irrespective of the 
presence of DO, and found increased bladder capacity or 
lessened frequency of incontinence in 40% of patients. Both 
types of dementia groups responded almost equally, and 
patients with DO showed the more satisfactory response. 
Tobin and Brocklehurst”? used a combination of 
propantheline bromide (15 mg/day) and flavoxate 
hydrochloride (200 mg/day) to treat urinary incontinence 
in a cognitively impaired nursing home population, of 
whom 95% were clinically diagnosed with overactive blad- 
der. There was a significant reduction in nocturnal but not 
daytime incontinence compared with controls. Burgio 
et al” found that, in 197 cognitively intact elderly women 


with predominantly urge incontinence, either 7.5-15 mg/ 
day of oxybutynin hydrochloride (68.5%) or behavioral 
treatment (80.7%) was more effective than placebo 
(39.4%) in randomized controlled trials. However, in 
dementia patients with DO, Zorzitto et al” found that 
15 mg/day of propantheline was no more effective than 
placebo. When the dose of propantheline was increased to 
30 mg, there was a statistically significant improvement, 
but the clinical benefit was outweighed by the presence of 
adverse effects in 50% of subjects. Although DO seems to 
be the cause of OAB-wet in those patients, the study’s 
negative findings contrast with the reported efficacy of 
anticholinergic medications in approximately 50% of cog- 
nitively intact, independently mobile older outpatients 
with incontinence.” Therefore, treatment for OAB/DO 
may be of benefit only in mild to moderate dementia 
without marked immobility. 

The use of medications with anticholinergic side-effects 
in older persons is a concern, particularly when there is a 
risk of exacerbating cognitive impairment. After they are 
ingested and absorbed from the intestine, anticholinergic 
drugs are systemically circulated. If they cross the blood- 
brain barrier (BBB), they reach the CNS and block cholin- 
ergic receptors, particularly M, muscarinic receptors in the 
cerebral cortex, or M, receptors in the basal ganglia. 
Previous data suggested that a centrally acting anticholiner- 
gic, trihexyphenidyl (for ameliorating Parkinson’s disease), 
exacerbated cognitive function in experimental animals and 
humans. The same was reported for atropine (before 
endoscopy/surgery) and scopolamine (hyoscine) (for col- 
icky pain or motion sickness). Although oxybutynin has 
been developed as a peripherally acting drug, recent 
research suggests that it has some adverse effects on cogni- 
tive function.” To a much lesser extent, tolterodine*’ and 
propiverine” also affect cognitive function. Factors under- 
lying the cognitive effects of these medications include: (1) 
central muscarinic receptor affinity, e.g., high M; receptor 
selectivity, and (2) easy penetration of the BBB, e.g., high 
lipid solubility (water versus oil partition coefficient [log P] 
<3; number of hydrogen bonds <8); a neutral charge or low 
degree of ionization (polar surface area <90 A); and a less 
bulky (number of rotatable bonds <5) and smaller molecu- 
lar size (<450 Da).'°° Regarding central muscarinic receptor 
affinity, most anticholinergics are nonselective muscarinic 
blockers. The exception is darifenacin, which is an M;- 
selective antagonist (under manufacture). Regarding BBB 
penetration, most anticholinergics have a molecular size 
between 300 and 400 Da. However, among these, oxybu- 
tynin can readily penetrate the CNS, since it has high 
lipophilicity and neutrality. Other anticholinergics have less 
marked lipophilicity or neutrality. Trospium, a quaternary 
amine, has a particularly high polarity. Other common anti- 
cholinergic side-effects are dryness of the mouth (M;) and 
constipation (M, 3). Extended-release formulations may 
lessen these adverse effects.'°! 
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Stress incontinence 


Tricyclic antidepressants are commonly used to treat both 
DO and stress incontinence, since they have both anti- 
cholinergic and o-adrenergic properties, the latter of which 
is expected to increase urethral tone. However, a randomized 
controlled study to examine the effect of a tricyclic on incon- 
tinence in an exclusively older group of patients did not find 
a statistically significant difference between imipramine 
hydrochloride (mean dose 54 mg) and placebo.'” One has 
to exercise caution in using imipramine in older persons 
because of its sedative, hypotensive, and cardiac effects and 
because it increases the risk of falls. Alpha-adrenergic ago- 
nists, such as midodrine hydrochloride, have been shown to 
benefit some older women with stress incontinence.” The 
estrogen quinestradol was reported to be effective in reduc- 
ing the frequency of incontinence in older women. However, 
prolonged estrogen therapy may increase the risk of 
endometrial carcinoma. 


Outlet obstruction 


Prazosin hydrochloride, a nonselective ,-adrenergic 
antagonist, is effective in the symptomatic management of 
benign prostatic hypertrophy. However, adverse effects of 
a-adrenergic blockers may limit their use in frail elderly 
patients such as those with orthostatic hypotension. The 
proximal urethra has an abundance of 0;4_p-adrenergic 
receptors. In contrast, the vascular wall has an abundance 
of Og receptors, particularly in the elderly.'°? Prazosin may 
block both ©), receptors in the vascular wall and O,,_-p 
receptors in the proximal urethra. Recently launched 
selective O),-p-adrenergic blockers, such as tamsulosin 
hydrochloride and naftopidil, are the drugs of choice 
because they have fewer side-effects. 


Nocturnal polyuria 


Desmopressin, a potent analog of AVP, has been used to 
treat patients with nocturnal polyuria due probably to 
impaired circadian rhythm of the plasma AVP.' We pre- 
scribed 5 ug of intranasal desmopressin once a night in 
post-stroke patients who had impaired circadian AVP 
rhythm, and noted improvement in nocturnal polyuria." 
This small dose of desmopressin is unlikely to cause adverse 
effects, although hyponatremia and signs of cardiac failure 
should be checked regularly. A recently launched tablet 
form is feasible and may be of particular benefit. 


Pelvic muscle exercises and 
biofeedback 


Pelvic muscle exercises, sometimes combined with bio- 
feedback, have been used successfully to treat stress 


incontinence in older women.'” For the procedure to be 
effective, the patient must actively contract and relax the 
pubococcygeal muscles up to 80 times a day for several 
months. However, Tobin and Brocklehurst” note that, 
because most of their patients had severe cognitive and 
physical deterioration, they were unable to cooperate with 
treatment for stress incontinence. 


Electrical stimulation 


In an uncontrolled trial, Lamhut et al!” studied the effec- 
tiveness of electrical stimulation in 9 incontinent female 
nursing home patients with DO. These patients had severe 
cognitive impairment, were bed-bound, and were com- 
pletely dependent in activities of daily living. They were 
treated with stimulation for 15 min twice a week for 8 
weeks using a rectal probe. In this group of subjects the 
treatment was not effective and was associated with a 20% 
increase in the average number of incontinent episodes. 
Two patients were withdrawn from the study because of 
agitation associated with the procedure. 


Surgery 

Surgery has been used to treat benign outlet obstruction 
and stress incontinence in older patients, when conserva- 
tive methods and medications have failed or were not 
appropriate.” In some frail older persons, these problems 
can be corrected, or at least improved, by newer, less stren- 
uous, brief surgical techniques such as transurethral inci- 
sion of the prostate (TUIP) and tension-free vaginal tapes 
(TVT). However, whether or not the repair of these outlet 
lesions reliably restores continence in frail, demented 
individuals remains to be established. 


Devices, pads, and catheters 


Indwelling catheters are often used excessively and inap- 
propriately in frail demented patients, even for the relief of 
incontinence, and are associated with a high rate of mor- 
bidity. Clean intermittent catheterization (CIC) is used to 
treat an underactive detrusor and other causes of urinary 
retention. The rates of symptomatic urinary tract infection 
and bladder stone formation are lower than those with 
indwelling catheters. However, it is often difficult to per- 
form CIC in demented patients because of uncooperative- 
ness, aggression, and agitation, and also because it 
increases demands on staff time. Indwelling catheteriza- 
tion should be restricted to persons who have urinary 
retention that cannot otherwise be treated, or to persons 
who are most severely demented with akinetic mutism, or 
as a short-term measure to allow for the healing of pressure 
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sores. As one way of avoiding the use of catheters, 
absorbent pads and special undergarments are recom- 
mended for those patients whose incontinence has failed to 
respond to other treatment modalities. 


Summary 


Urinary incontinence is common in patients with dementia, 
and is more prevalent in demented than in nondemented 
older individuals. Since the etiology of incontinence is mul- 
tifactorial, factors within and outside the lower urinary tract 
must be assessed in order to maximize continence in these 
patients. Patients with decreased motivation, cognitive dis- 
ability, gait disorder, and detrusor overactivity (DO) are 
highly likely to be incontinent. However, a careful clinical 
evaluation with measurement of postvoid residuals seems to 
be sufficient to guide treatment in most cases. Most research 
on the management of urinary incontinence in dementia 
patients has focused on toileting programs for functional 
incontinence and on drug treatments for DO. To date, the 
use of anticholinergic medications for DO is still under con- 
sideration, although many studies have employed severely 
demented cases. It is possible that anticholinergic medica- 
tion is of greater benefit to less-impaired individuals who are 
aware of, and able to tell the caregiver about, their urinary 
sensation or incontinence. Prompted and scheduled toilet- 
ing for patients with decreased motivation and immobility 
appears to be an effective approach to managing inconti- 
nence. In the future, centrally acting drugs that can improve 
gait and cognitive function may become an option for the 
treatment of urinary incontinence in dementia patients. 
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Pathologies of the basal ganglia, such as 
Parkinson’s and Huntington’s disease 


Satoshi Seki, Naoki Yoshimura, and Osamu Nishizawa 


Introduction 


It is well known that disorders of basal ganglia such as 
Parkinson’s disease (PD) can affect lower urinary tract 
function. The basal ganglia are a group of anatomically 
closely related subcortical nuclei and have been implicated 
in a wide range of behavioral functions including motor, 
cognitive, and emotional functions. The prominent involve- 
ment of the basal ganglia in motor control has been recog- 
nized in clinical and experimental investigations.'” Damage 
to these nuclei does not causes weakness, but usually causes 
dramatic motor abnormalities, as well as lower urinary tract 
dysfunction.** But the mechanisms that cause the clinical 
symptoms have not been completely clarified. 

In this chapter an overview of the current concept of the 
contribution of the basal ganglia system to lower urinary 
tract function, as well as to general motor function, is 
given. Then, a review of the literature that describes lower 
urinary tract dysfunction in patients with disorders of the 
basal ganglia, such as PD and Huntington’s disease (HD), 
is provided. 


Functional anatomy of the 
basal ganglia 


The basal ganglia consist of several subcortical nuclei 
including the striatum, the globus pallidus, the subthala- 
mic nucleus, and the substantia nigra. 


Striatum 


Striatum, which consist of the caudate, the putamen, and 
the nucleus accumbens, is the main input structure of the 
basal ganglia. The caudate and putamen receive most of the 
afferents from the entire cerebral cortex, most probably 


using excitatory amino acids as transmitters; in this sense 
they are the doorway into the basal ganglia. The output 
neurons of the striatum use gamma-aminobutyric acid 
(GABA) as the principal transmitter,’ co-localized with the 
neuropeptides enkephalin or substance P/dynorphin.°? 


Substantia nigra 


The substantia nigra is divided into two parts: the substan- 
tia nigra pars compacta (SNpc) and the substantia nigra 
pars reticulata (SNpr). The SNpc receives input from the 
caudate and putamen and sends information right back. 
The SNpr also receives input from the caudate and puta- 
men but sends information outside the basal ganglia. SNpc 
neurons produce dopamine as a transmitter, which is 
important for the micturition reflex as well as for normal 
movement. 


Globus pallidus 


The globus pallidus is also divided into two parts: the 
globus pallidus externa (GPe) and the globus pallidus 
interna (GPi). Both receive input from the caudate and 
putamen, and both communicate with the subthalamic 
nucleus (STN). 


Physiology and 
pathophysiology of motor 
dysfunction in Parkinson’s 
disease 


The study of the circuitry of the basal ganglia has mainly 
been focused on the control of motor function.'° The 
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Simplified scheme of neural organization in the basal ganglia under (a) the normal conditions and (b) in Parkinson’s disease. (a) The 


striatum receives multiple afferent inputs from the cerebral cortex. The 


GPi-SNpr complex exerts a tonic GABAergic inhibitory output 


upon excitatory premotor neurons located in the thalamus. The direct pathway arises from striatal neurons that contain GABA plus 
peptides substance P (SP) or dynorphin (DYN) and project monosynaptically to the GPi-SNpr complex. The indirect pathway originates 
from striatal neurons that contain GABA and enkephalin (ENK). Its output is conveyed polysynaptically to the GPi-SNpr complex via GPe 
and STN. Dopamine increases neuronal activity in the direct pathway via D, receptors and inhibits neurons in the indirect pathway via 
D, receptors. Bradykinesia or akinesia observed in Parkinson’s disease is thought to result from increased GABAergic inhibition of 
thalamic premotor neurons. (Thick and broken arrows indicate increased and decreased activity, respectively). SNpr, substantia nigra 
pars reticulata; SNpc, substantia nigra pars compacta; GPe, globus pallidus externa; GPi, globus pallidus interna; STN, subthalamic 


nucleus; GABA, gamma-aminobutyric acid. 


current model of the organization of the basal ganglia was 
proposed in the 1980s. 


Physiology of the basal 
ganglia 


Cortical information that reaches the striatum is conveyed 
to the basal ganglia output structure (GPi-SNpr complex) 
via two pathways (Figure 21.1a). One is an inhibitory direct 
pathway from the striatum to the GPi-SNpr complex, 
which mainly uses the inhibitory neurotransmitter GABA. 
Another is an indirect pathway, which includes (1) an 
inhibitory projection from the striatum to the GPe, (2) an 
inhibitory projection from the GPe to the subthalamic 
nucleus (STN), and (3) an excitatory projection from the 
STN to the GPi-SNpr complex. These two inhibitory path- 
ways (striato-GPe and GPe-STN) use GABA as a transmitter 


and the excitatory pathway (STN to GPi-SNpr complex) is 
activated by glutamate (Figure 21.1a)."! 

The information is then transmitted back to the cerebral 
cortex via the thalamus. The activity of spiny striatal neurons, 
which are origin of the direct and indirect pathways, is 
modulated by dopamine released from nerve terminals of 
dopaminergic neurons in the SNpc. Dopamine D, receptors 
are expressed in striatopallidal neurons in the indirect path- 
way, while D, receptors are located on neurons in the direct 
pathway (striatonigral/striatoendopeduncular neurons)!” 
(Figure 21.1a). Increased activity of the direct pathway is asso- 
ciated with facilitation of movement and activation of the 
indirect pathway is associated with inhibition of movement. 
Dopamine is thought to inhibit neuronal activity through 
dopamine D, receptors in the indirect pathway and to excite 
neurons via dopamine D, receptors in the direct pathway 
(Figure 21.1a). In conclusion, activation of D,/D, receptors in 
the striatum provides excessive facilitation of motor systems 
by exerting the dual effect on the direct and indirect pathways. 
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Pathophysiology of motor 
dysfunction in Parkinson’s 
disease 


PD is a chronic progressive neurologic disease that is 
characterized by a decrease in spontaneous movements, 
gait difficulty, postural instability, rigidity, and tremor. 
Depigmentation, neuronal loss, and gliosis of the substantia 
nigra, particularly in the SNpc and locus ceruleus, are typi- 
cal abnormalities found in the brain of patients with PD. 

In PD, the normal inhibitory dopaminergic input to the 
indirect pathway is decreased, resulting in increased inhibi- 
tion of GPe (Figure 21.1b). Because the GPe-STN pathway 
uses GABA as a transmitter, the STN becomes hyperactive. 
Hyperactivity of the STN results in increased activation of 
GPi-SNpr complex, leading to decreased activity of the 
thalamus and its cortical projection areas. This increased 
output from the indirect pathway is enhanced further by a 
reduction in the GABA mediated by the direct pathway. 


Physiology and 
pathophysiology of lower 
urinary tract dysfunction in 
Parkinson’s disease 


Dopaminergic systems and 
micturition reflex 


Among the brain structures that regulate micturition, the 
globus pallidus has been reported to suppress sponta- 
neous detrusor contractions in early studies,'*4 and the 
subthalamus and substantia nigra can reportedly inhibit 
reflex bladder contractions. Electrical stimulation of the 
basal ganglia, including the SNpc'*'° and STN,” inhibits 
the micturition reflex in the cat. In addition, this 
inhibition of the micturition reflex by stimulation of 
the substantia nigra was blocked by an injection of the 
D,-selective antagonist SCH 23390 into the lateral ventri- 
cle, and was also mimicked by an intracerebroventricular 
application of the D,-selective agonist SKF 38393.'° Thus, 
it is thought that dopaminergic neurons originating in 
the SNpc inhibit the micturition reflex via central 
dopamine D, receptors. Furthermore, a previous study 
revealed that a D, dopaminergic antagonist (SCH 23390) 
facilitated the micturition reflex, while a D, agonist (SKF 
38393) had no effect on the reflex bladder contractions in 
awake rats, suggesting that dopaminergic neurons origi- 
nating in the substantia nigra tonically inhibit the 
micturition reflex through dopamine D, receptors under 
normal conditions (Figure 21.2a).'® 


Disruption of this tonic dopaminergic inhibition, 
by destroying the nigrostriatal pathway with the neurotoxin 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), pro- 
duces Parkinson-like motor symptoms in monkeys 
accompanied by hyperreflexic bladders,'?~*! as reported in 
patients with PD. The detrusor overactivity was suppressed 
by stimulation of D, receptors with SKF 38393 or pergolide 
(Figure 21.2b).”°?! In addition, it has been reported that 
the striatal dopamine level is significantly increased in the 
storage phase as compared with that in the elimination 
phase in normal cats,” and that stimulation of D, recep- 
tors by intraventricular injection of SKF 38393 suppressed 
detrusor overactivity in a 6-hydroxydopamine (6-OHDA)- 
induced Parkinson rat model.” Thus, it is assumed that 
detrusor overactivity in patients with PD is due to activa- 
tion failure of inhibitory mechanisms via dopamine D, 
receptors (Figure 21.2b). 

While D, receptors mediate inhibition of the micturition 
reflex, stimulation of dopamine D, receptors facilitates the 
micturition reflex.'>'8?%?!34 In awake rats, systemic appli- 
cation of a D, agonist (quinpirole) induced detrusor overac- 
tivity, which was blocked by a D, antagonist (remoxipride)."* 
Similarly, systemic application of quinpirole induced 
detrusor overactivity in monkeys,””' and treatment with 
bromocriptine, a D, receptor agonist, exacerbated urinary 
frequency in humans with PD.” However, since D, receptor- 
mediated facilitation of the micturition reflex was similarly 
found in normal and MPTP-induced parkinsonian mon- 
keys,*°?! and microinjection of dopamine to the pontine 
micturition center reduced bladder capacity and facilitated 
the micturition reflex in normal cats,”°”’ it is possible that D, 
receptor-mediated effects on bladder function might be 
mediated by dopaminergic mechanisms in systems other 
than the nigrostriatal dopaminergic pathways. A study by 
Yoshimura et al supports this assumption by demonstrating 
that detrusor overactivity induced by quinpirole was more 
pronounced after intrathecal application as compared with 
intracerebroventricular injection” (Figure 21.2a). 

In addition, stimulation of D; receptors seems to have no 
influence on the micturition reflex.” On the other hand, 
nonselective dopamine agonists, such as apomorphine and 
levodopa, facilitate the micturition reflex in experimental 
animals, possibly via dopamine D, receptors.”®”®? 

In humans, positron emission tomography (PET) has 
revealed that brain activation sites in response to bladder 
filling were altered in patients with PD.” Another imaging 
study, using single-photon emission computed tomogra- 
phy (SPECT), has also suggested that a reduction in 
nigrostriatal dopaminergic neurons is related to urinary 
disturbance in patients with PD.*!*” 

The ventral tegmentum area (VTA), that lies close to the 
substantia nigra and is abundant with dopaminergic and 
serotonergic neurons, seems to be functionally heteroge- 
neous. Both inhibitory and facilitatory responses have been 
reported.'*?? We do not know the exact mechanism by which 
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Figure 21.2 

Hypothetic view of the relationship between the micturition reflex and dopaminergic systems (a) under normal conditions and (b) in 
Parkinson’s disease. (a) Dopaminergic neurons originating in the substantia nigra pars compacta tonically activate dopamine D, 
receptors, leading to tonic inhibition of the pontine micturition center (PMC), probably through an activation of GABAergic inhibitory 
receptors. On the other hand, dopamine neurons arising from other brain areas such as the ventral tegmental area (VTA) might 
stimulate and suppress the micturition reflex via dopamine D, and D, receptors, respectively, in the PMC. They may also stimulate the 
micturition reflex via dopamine D, receptors in the spinal cord. The STN may directly or indirectly stimulate the PMC to facilitate the 
micturition reflex. (b) In patients with Parkinson’s disease, neuronal cell loss in the substantia nigra pars compacta produces a deficit of 
dopamine and causes a failure of an activation of inhibitory mechanisms via dopamine D, receptors. This failure may be followed by a 
loss of GABAergic inhibition upon PMC, resulting in detrusor overactivity. (Thick and broken arrows indicate increased and decreased 
activity, respectively). GABA, gamma-aminobutyric acid; PMC, pontine micturition center; VTA, ventral tegmentum area; STN-DBS, deep 
brain stimulation of the subthalamic nucleus. Several studies have demonstrated that STN-DBS improved voiding dysfunction in PD 
patients. Although it is still uncertain whether suppression of neuronal activities in the subthalamic nucleus by STN-DBS directly or 


indirectly suppresses the pontine micturition center, the similar inhibitory effects were also observed in animal studies. 


VTA neurons exert their effects. However, the inhibitory and 
facilitatory effects might be mediated via dopamine D, and 
D, receptors, respectively” (Figure 21.2a). 


Clinical features of lower 
urinary tract dysfunction in 
patients with Parkinson’s 
disease 


Symptoms 


Voiding dysfunction occurs in 35 to 70% of patients with 
PD,* and most of these patients are diagnosed as PD for 


several years before the onset of urinary symptoms.” 
Bonnet et al have reported that the age at onset of urinary 
tract symptoms was 58.7 years and the symptoms began 
approximately 6 years after onset of parkinsonian motor 
symptoms.” In a study using a symptom score question- 
naire, Winge et al also showed that the time from onset of 
PD to the onset of lower urinary tract symptoms (LUTS) is 
5 years.” 

Storage symptoms, such as increased daytime frequency, 
nocturia, urgency, and urge urinary incontinence, are most 
commonly found in PD.*****8! Patients also have voiding 
symptoms alone or in combination, although voiding 
symptoms that are secondary to PD are thought to be 
infrequent and moderate.” It should be noted that voiding 
function may be influenced by various types of treatments 
for the primary disease, PD, and that lower urinary tract 
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dysfunction such as bladder outlet obstruction, which is 
common in the elderly, may coexist. 

Several studies have also shown that the severity of uri- 
nary symptoms is related to the neurologic disability or 
disease severity.7'7°77?-4 Araki and Kuno reported that 
the International Prostate Symptom Score (I-PSS) corre- 
lated well with disease severity in patients with PD. On 
the other hand, it has also been reported that bothersome 
bladder symptoms in PD correlated with disability due to 
PD, but there was no correlation between LUTS and stage 
of disease.*”° In any case, we should pay sufficient atten- 
tion to various aspects of lower urinary tract function, 
since results of self-report measurements such as question- 
naires are unlikely to reflect the real problems. 


Bladder function 


It is widely accepted that neurogenic detrusor overactivity 
during the filling phase*® is most commonly found in uro- 
dynamic observations in patients with PD, ranging from 36 
to 93%,703899,41,42.47-52 while bladder sensation is preserved. 
In the voiding phase, acontractile or underactive detrusor 
is also found (0 to 48%).313698942,49.51 However, previous 
studies have shown that the diagnosis of multiple system 
atrophy (MSA) rather than PD is more likely made when 
residual urine greater than 100 ml is present**”? (see 
Chapter 22). Thus, the older studies may have included 
MSA patients, thereby affecting their results. 

Because the incidence of detrusor overactivity with 
impaired contractile function increases with disease sever- 
ity, it is possible that long-term detrusor overactivity may 
eventually lead to deteriorated bladder contractile function 
at late stages of PD.” 


Urethral function 


Previous studies have shown some disagreement on ure- 
thral dysfunction induced by PD. Detrusor-sphincter 
dyssynergia in patients with PD has been reported in some 
studies,**? but not in others.**3"48°° However, it seems 
likely that impaired relaxation or delay in striated sphinc- 
ter relaxation might exist in patients with PD.**°! Pavlakis 
et al introduced the term ‘sphincter bradykinesia’, which is 
characterized by a normal guarding reflex during the filling 
phase of the CMG and by failure of the striated sphincter 
to relax rapidly before detrusor contraction,” suggesting 
that bradykinesia is a characteristic of PD and represents a 
manifestation of skeletal muscle hypertonicity involving 
pelvic floor muscles. In terms of the difference in detrusor- 
sphincter dyssynergia, Sakakibara et al demonstrated that 
it was not seen in patients with PD, but was present in 47% 
of those with MSA.** Therefore this discrepancy may be 


caused by misinterpretation of EMG or inclusion of 
patients with other neurologic disorders, such as MSA. In 
addition, Ogawa et al have demonstrated that activation of 
dopamine D, receptors at a supraspinal site can suppress 
activity of the striated muscle urethral sphincter in rats.** 
Thus, the presence of levodopa at the time of the studies, 
which is most commonly used as a therapeutic agent for 
PD, may also have affected the results in previous reports. 

Several studies have also indicated that abnormal ure- 
thral and anal sphincter EMG in patients with parkinson- 
ism is highly suggestive of MSA, and that it provides a 
useful method of distinguishing between idiopathic PD 
and MSA**>.5° (see Chapter 22). 

Smooth muscle urethral sphincter dysfunction has not 
been reported in patients with PD. 


Treatment 


Various therapeutic options are available for voiding dys- 
function in patients with PD, but it should be noted that 
these patients might have another cause leading to voiding 
dysfunction such as benign prostatic hyperplasia (BPH), 
which is common in the elderly. For example, question- 
naire-based assessment of voiding dysfunction in patients 
with PD revealed that men with mild to moderate PD 
exhibited similar lower urinary tract symptoms to sympto- 
matic patients with BPH.*° 

A high incidence of post-prostatectomy urinary inconti- 
nence has been reported by Staskin and coworkers. They 
reported that 28% of patients with PD who underwent 
transurethral prostatectomy (TUR-P) exhibited urinary 
incontinence, and they concluded that poor or absent vol- 
untary sphincter control was the major risk factor of 
incontinence following TUR-P in the parkinsonian 
patients.” However, Chandiramani and associates pointed 
out that a poor outcome following prostatic surgery may 
be due to the inadvertent inclusion of some men with 
MSA,*>°8 which is a condition most frequently misdiag- 
nosed, even by specialists, as PD.” The term ‘multiple 
system atrophy’ is synonymous with striatonigral degener- 
ation (SND) when Parkinsonism predominates, olivo- 
pontocerebellar atrophy (OPCA) when cerebellar signs 
predominate, and Shy—Drager syndrome when autonomic 
failure is dominant. Voiding disturbance in MSA is charac- 
terized by a higher incidence of urinary incontinence, sig- 
nificant postvoid residual, and worsening urinary control 
after urologic surgery*>” (see Chapter 22). Although multi- 
ple factors may contribute to post-prostatectomy inconti- 
nence, it is essential to consider detrusor overactivity. It is 
unlikely that prostatic surgery for voiding dysfunction due 
to PD is a contraindication, since detrusor overactivity can 
be controlled by antimuscarinics. 

Clinical studies, in which the effect of levodopa or apo- 
morphine on bladder storage function in patients with PD 
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was examined, have shown conflicting results. It is 
reasonable to assume that nonselective dopamine receptor 
agonists such as levodopa and apomorphine facilitates the 
micturition reflex via dopamine D, receptors, resulting in 
worsening of detrusor overactivity. However, some authors 
have demonstrated an improvement in detrusor overactiv- 
ity with levodopa or apomorphine in some patients with 
PD,?™461L62 and aggravation in others,??47°!-%+ while 
Stocchi et al found no improvement in detrusor overactiv- 
ity with apomorphine.*! Brusa et al demonstrated that 
treatment using levodopa alone and levodopa with dom- 
peridone (a peripheral D, antagonist) worsened detrusor 
overactivity in patients with PD, while treatment using 
levodopa with sulpiride (a central and peripheral D, antag- 
onist) counteracted the effect of levodopa in a dose-depen- 
dent manner.™ According to these results, they concluded 
that a central acute D, stimulation seems to be responsible 
for the worsening of detrusor overactivity. However, 
Benson et al reported that moderate doses of levodopa alle- 
viated detrusor overactivity in patients with PD, but high 
doses of levodopa aggravated it. Thus it is assumed that 
the dosage of these drugs also changes the response of 
storage function to the treatment. 

In addition, metabolites of these agents, such as nor- 
adrenaline, or diversity of disease severity might have 
affected these results. 

Previous studies have shown that administration of 
levodopa or apomorphine in patients with PD provided 
significant improvement in voiding dysfunction.47°"° 
Christmas et al demonstrated that subcutaneous injection 
of apomorphine (a nonselective dopamine receptor ago- 
nist) improved flow rate and reduced postvoid residual in 
patients with PD, suggesting that bladder outlet obstruc- 
tion secondary to BPH may be distinguished from voiding 
dysfunction secondary to PD.*” 

These effects on voiding function might be mediated by 
activation of dopamine D, receptors, which can enhance 
detrusor contractility to increase voiding efficiency. 
Furthermore, animal experiments have demonstrated that 
activation of D, receptors at a supraspinal site suppressed 
activity of the striated muscle urethral sphincter in the 
voiding phase.** Thus, the effects of levodopa or apomor- 
phine on voiding function in patients with PD appear to 
be consequences of increased bladder contractility and 
decreased urethral resistance during voiding due to D, 
receptor stimulation. 

Recently, deep brain stimulation of the subthalamic 
nucleus (STN-DBS) has been established as a surgical 
treatment of motor symptoms in PD patients. In addition, 
several studies have demonstrated that STN-DBS 
improved voiding dysfunction in PD patients. In these 
studies the main effect of STN-DBS seems to be a normal- 
ization of urodynamic parameters in the storage phase. °” 
Although it is still uncertain whether suppression of neu- 
ronal activities in the subthalamic nucleus by STN-DBS 


directly or indirectly suppresses the pontine micturition 
center, the similar inhibitory effects were also observed in 
animal studies.'”* 

Various antimuscarinic agents are currently available for 
the treatment of detrusor overactivity. The clinical and 
urodynamic data suggest that they can provide significant 
improvements in patients with PD.*® However, it should 
be noted that these patients might have bowel dysfunction 
such as constipation secondary to PD.” If medical treat- 
ment fails and patients have large residual volumes, intro- 
duction of clean intermittent catheterization is an option. 

Alpha-blockers are also preferred as the first-line treat- 
ment, especially for male patients with voiding and even 
storage symptoms, although patients may have orthostatic 
hypotension due to PD and/or its medication. 


Huntington’s disease 


HD is a degenerative disease with autosomal dominant 
inheritance characterized by progressive neuronal loss in 
the basal ganglia, especially in the caudate nucleus and 
cerebral cortex.”’? The exact mechanisms underlying neu- 
ronal death in HD are still unknown. Although the disease 
may begin any time from childhood to old age (average age 
of onset is approximately 40 years), adult-onset HD is 
characterized by a triad of progressive motor, cognitive, 
and emotional symptoms. 

There has been little investigation regarding urinary 
tract dysfunction in patients with HD. Wheeler et al 
reviewed the neurourologic findings in 6 patients with HD, 
who complained of lower urinary tract symptoms, and 
found that 4 out of 6 patients had detrusor overactivity 
with a normal sphincter, while the remaining 2 patients 
exhibited no abnormal findings. Symptoms include uri- 
nary frequency, urgency, nocturia, and incontinence, and 
the onset of these symptoms was 6.1 years after the onset of 
HD.” A survey of 1283 symptomatic individuals with HD 
found that lower urinary tract symptoms occurred in the 
late stage of HD, typically more than 10 years after onset.”* 

Anticholinergic agents could be useful to alleviate uro- 
logic symptoms. However, in patients with severe neuro- 
logic disability, a permanent indwelling catheter or 
urosheath drainage may be required. 
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Urinary dysfunction in multiple system atrophy 


Ryuji Sakakibara, Clare J Fowler, and Takamichi Hattori 


Introduction 


Multiple system atrophy (MSA) is an uncommon but 
well-recognized disease entity that both neurologists and 
urologists may encounter. The term MSA was introduced by 
Graham and Oppenheimer in 1969 to describe a disorder of 
unknown cause affecting extrapyramidal, cerebellar, and 
autonomic pathways.’ MSA includes the disorders previously 
called striatonigral degeneration (SND), sporadic olivopon- 
tocerebellar atrophy (OPCA),* and Shy—Drager syndrome.’ 
The discovery in 1989 of glial cytoplasmic inclusions in the 
brains of patients with MSA’ provided a pathologic marker 
for the disorder (akin to Lewy bodies in idiopathic Parkinson’s 
disease (IPD)), and confirmed that SND, OPCA, and Shy- 
Drager syndrome are the same disease with differing clinical 
presentations. Immunocytochemistry showed that the glial 
cytoplasmic inclusions of MSA are ubiquitin-, tau-, and 
alpha-synuclein- positive, possibly representing a cytoskeletal 
alteration in glial cells that results in neuronal degeneration.° 
Familial occurrence is estimated to account for 1.6% of 
all cases, and data on such cases are being accumulated to 
identify a possible causative gene for this disorder.’ 
Autonomic failure (postural hypotension and urinary 
dysfunction) is fundamental to the diagnosis of MSA: it is 
diagnosed when the criteria of either postural hypotension 
(systolic blood pressure fall > 30 mmHg or diastolic 
> 15 mmHg) or urinary dysfunction (persistent, involuntary 
urinary incontinence/incomplete bladder emptying) or both 
are fulfilled, along with poorly levodopa-responsive parkin- 
sonism or cerebellar dysfunction.’ Based on the major 
motor deficits, MSA can be classified as MSA-P (parkinson- 
ism-predominant) or MSA-C (cerebellar-predominant).! 
Clinical differential diagnosis between MSA-P, the most 
common clinical form, and IPD is difficult even for special- 
ists. However, the lack of one-side dominance and resting 
tremor, poor response to levodopa, and rapid progression 
are all red flags indicating MSA.’ MSA-C can mostly be dis- 
tinguished from hereditary spinocerebellar ataxias, although 
some individuals with such disorders do not have apparent 
heredity. Autonomic failure (AF) is almost invariably pre- 
sent! and can be an initial manifestation (AF-MSA)."" 


Autonomic failure occurs in other neurodegenerative dis- 
eases, for example in a subset of patients with IPD (AF-PD) 
as well as in pure autonomic failure (PAF), both of which are 
considered Lewy body diseases. This chapter reviews the cur- 
rent concepts of urinary dysfunction in MSA, with particu- 
lar reference to urinary symptoms, (video-)urodynamic 
assessment and sphincter electromyography (EMG), and 
patient management. 


Urinary symptoms 


Urinary dysfunction and 
postural hypotension 


Of various symptoms due to AF (erectile dysfunction, 
urinary dysfunction, postural hypotension, respiratory 
stridor) in patients with MSA, urinary dysfunction has been 
attracting less attention than postural hypotension, 
although urinary dysfunction may result in recurrent uri- 
nary tract infection and may be a cause of morbidity.'* 
In addition, urinary incontinence results in impaired 
self-esteem, stress on the caregiver, and considerable finan- 
cial cost. Postural hypotension was pointed out first in AF- 
MSA, which turned out to be a marker of autonomic 
involvement in this disorder. Both of the original 2 patients 
discussed by Shy and Drager had urinary frequency, incon- 
tinence, and urinary retention.’ Other variants (MSA-P and 
MSA-C) rarely develop postural hypotension in their early 
stage. However, in the original reports, 3 of 4 patients with 
MSA-P showed voiding difficulty, retention, and urinary 
incontinence,” and both patients with MSA-C had voiding 
difficulty and urinary incontinence.’ Thus, what are the 
most common and earliest autonomic features of MSA? 

In our previous study of 121 patients with MSA,” uri- 
nary symptoms (96%) were more common than ortho- 
static symptoms (43%) (p <0.01) (Figure 22.1). The most 
frequent urinary symptom was difficulty voiding in 79% 
of the patients, followed by nocturnal urinary frequency 
in 74%. Other symptoms included sensation of urgency 
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Figure 22.1 


Urinary dysfunction and postural hypotension in MSA. 


in 63%, urgency incontinence in 63%, diurnal urinary 
frequency in 45%, nocturnal enuresis in 19%, and uri- 
nary retention in 8%. The most frequent orthostatic 
symptom was postural faintness in 43%, followed by 
blurred vision in 38% and syncope in 19%. These figures 


are similar to those of Wenning et al,'* who noted urinary 
incontinence in 71%, urinary retention in 27%, postural 
faintness in 53%, and syncope in 15% of 100 patients 
with MSA; these figures were recently confirmed by a 
larger study.'° In our previous study mentioned above, 
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Why does bladder dysfunction occur more commonly and earlier than postural hypotension in MSA? 


among 53 patients with both urinary and orthostatic 
symptoms, those who had urinary symptoms first (48%) 
were more common than those who had orthostatic 
symptoms first (29%), and some patients developed both 
symptoms simultaneously (23%).”° 

These findings indicate that urinary dysfunction is a 
more common and often earlier manifestation than pos- 
tural hypotension in MSA. Many factors might be involved 
in this phenomenon. Reports of focal lesions have shown 
that postural hypotension occurs in lesions below the 
medulla, whereas urinary dysfunction occurs in lesions at 
any site in the neuraxis. MSA lesions involve the pons, the 
hypothalamus, and the basal ganglia, all of which might 
affect the lower urinary tract function as described below 
(Figure 22.2). 


Urinary dysfunction and 
motor disorders 


Looking at both urinary and motor disorders, 
approximately 60% of patients with MSA develop urinary 
symptoms either prior to or at the time of presentation 
with the motor disorder'”'? (Figure 22.3). This indicates 


that many of these patients seek urologic advice early in the 
course of their disease. Since the severity of urinary symp- 
toms is severe enough for surgical intervention, male 
patients with MSA may undergo urologic surgery for pro- 
static outflow obstruction before the correct diagnosis has 
been made. The results of such surgery are often transient 
or unfavorable because of the progressive nature of this 
disease. Male erectile dysfunction is often the first presen- 
tation,'”'*!® possibly preceding the occurrence of urinary 
dysfunction in MSA. The urologist confronted with a 
patient showing these features should be cautious about 
embarking on an operative approach. The neurologist 
encountering a patient with marked urinary symptoms 
might consider future investigation by brain magnetic 
resonance imaging (MRI) and sphincter EMG. 

Since motor disorders in MSA mostly mimic those in 
IPD, the urogenital distinction between these two diseases 
is worth considering, although a number of earlier studies 
on ‘Parkinson’s disease and the bladder’ might inadver- 
tently include patients with MSA. The prevalence rate of 
urinary dysfunction in MSA is higher than the 58-71% 
rate reported in IPD,!*!?"; similarly, that of urgency 
incontinence in MSA is higher than the 33% rate reported 
in IPD. In addition, urinary dysfunction is never the initial 
presentation in IPD. 
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Autonomic and motor disorders in MSA. 


Videourodynamic and 
sphincter electromyography 
assessments 


Since MSA is a neurodegenerative disease that affects 
multiple brain regions, patients with the disease may have 
a wide range of urodynamic abnormalities that change 
with progression of the illness. Videourodynamics and 
sphincter EMG also enable us to assess the lumbosacral 
cord functions, which help to distinguish MSA from other 
parkinsonian disorders. 


Bladder overactivity 


Filling phase abnormalities included bladder overactivity 
in 33—100% and uninhibited external sphincter relaxation 
in 33% of MSA cases,'*!°! figures similar to those 
reported in IPD'®!*-'® (Figure 22.4). Bladder overactivity is 
urodynamically defined as an involuntary phasic increase 
in detrusor pressure (naive bladder pressure — abdominal 
pressure) >10 cmH,O during bladder filling, which is com- 
monly associated with decreased bladder volumes at first 
sensation and bladder capacity. It is bladder overactivity 


that seems to be the major cause of urgency incontinence 
in patients with MSA. But when coupled with uninhibited 
sphincter relaxation, incontinence may worsen.” 

It is well known that cerebral diseases can lead to a loss 
of the brain’s inhibitory influence on the spino-bulbo- 
spinal micturition reflex. The information that arises from 
the lower urinary tract reaches the periaqueductal gray 
matter (PAG), then goes down to the pontine micturition 
center (PMC), an area identical or just adjacent to the locus 
ceruleus, which then activates the descending pathway to 
the sacral preganglionic neurons innervating the bladder.” 
The basal ganglia are thought to be one of the higher cen- 
ters for micturition, since lesions of this area lead to blad- 
der overactivity.” Recent positron emission tomography 
(PET) studies have shown that the hypothalamus, PAG, 
midline pons, and cingulate cortex are activated during 
urinary filling.” The central pathology of MSA includes 
neuronal loss of neuromelanin-containing cells in the 
locus ceruleus*”?! as well as in the nigrostriatal dopaminer- 
gic system (‘putaminal slit sign’)*”” and cerebellum, and to 
a lesser extent in the ponto-medullary raphe (‘pontine 
cross sign’)? and the frontal cortex.**"4 Recent experi- 
mental studies have suggested that the raphe modulates 
micturition function.” Experimental studies have also sug- 
gested that the cerebellum controls micturition function.*° 
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A single photon emission computed tomography (SPECT) 
study has shown that in the urinary storage and micturi- 
tion phases, but not in the resting phase, activation of the 
cerebellar vermis was significantly lower in MSA patients 
than in control subjects (Figure 22.5).°” These areas seem 
to be responsible for the occurrence of bladder overactivity 
and uninhibited sphincter relaxation in MSA patients. 


Bladder underactivity and 
detrusor-sphincter 
dyssynergia 


Incomplete bladder emptying is a significant feature in 
MSA. In fact, 47% of patients with MSA had a postvoid 
residual (PVR) >100 ml, whereas no patients with IPD had 
such levels (p <0.01).!? The mean PVR volume was 71 ml 
in the first year, 129 ml in the second year (which exceeded 
the threshold volume for the start of clean intermittent 
catheterization (CIC)), and 170 ml in the fifth year from 
the onset of illness (Figure 22.6).** 

Factors relevant to the voiding disorder in MSA include 
the bladder and the urethral outlet. Pressure—flow analysis 
refers to the simultaneous monitoring of detrusor pressure 
and urinary flow, and to drawing the relation curve 
between them (Figure 22.7). Although it was originally 
developed for diagnosing outlet obstruction due to prosta- 
tic hypertrophy,*”° pressure—flow analysis is useful for 
evaluating neurogenic voiding difficulty.”! 

Pressure—flow analysis showed that bladder underactiv- 
ity (a weak detrusor contraction) during voiding is more 
common in MSA (71% in women and 63% in men) than 
in IPD (66% in women and 40% in men).!? The AG num- 
ber represents a grade of urethral obstruction, and an AG 


Figure 22.4 


Bladder overactivity. 


number >40 means outflow obstruction in men.” The 
mean AG numbers were smaller in patients with MSA (12 
in women and 28 in men) than in those with IPD (40 in 
women and 43 in men).'? However, a subset of patients 
with MSA may have an obstructive pattern, the reason for 
which is unknown. Detrusor-external sphincter dyssyner- 
gia is a factor contributing to neurogenic urethral relax- 
ation failure,*! which is noted in 47% of MSA patients.” 
Therefore, it is likely that bladder underactivity accounts 
mostly for voiding difficulty and elevated PVR in MSA. A 
subset of patients with MSA has bladder overactivity dur- 
ing storage and underactivity during voiding (detrusor 
hyperactivity with impaired contractile function, DHIC).” 
The exact mechanism of this phenomenon has yet to be 
ascertained. However, it has been recognized that the cen- 
tral mechanisms underlying bladder filling and voiding are 
distinct from each other; i.e., the area promoting micturi- 
tion is located in the PMC and the frontal cortex, whereas 
that promoting urinary storage is in the pontine storage 
center, basal ganglia, raphe, and frontal cortex.” Lesions in 
these areas may cause various combinations of urinary fill- 
ing and voiding disorders, such as DHIC. 


Open bladder neck 


The bladder neck, also known as the internal (smooth) 
urethral sphincter, is a component in the maintenance 
of continence that is innervated by the sympathetic hypo- 
gastric nerve. Videourodynamic study is an established 
method for evaluating bladder neck function. It is a 
combination of visualizing the lower urinary tract simulta- 
neously with EMG cystometry; urethral pressure at the 
external urethral sphincter can be obtained with visual 
guidance using a radiopaque marker. In normal subjects, 
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Low activation of MSA brain in urinary storage and micturition: 
[°°™Tc]-L, L-ethyl cysteinate dimer (ECD)-SPECT 


fo} 
Oo 


MSA n=8 


Radioactivity Youptake + 
oO 


0 


Doe a lool al ale ree ieee al 


T T 
02 10min2 6 12 24 hours 


‘2 r i © Surface pixel (predefined) 
A k 4 ~<<— Serach vector (Predefined) 
e Cortical Peak 


2004 sakakibara Eur J Neurol 


(b) 


: RT. MED LT.MED 
resting 


storage 
fay 


micturition 


decreased tracer activities in MSA as compared with control (p<0.05). 


Disease duration and residual urine volume 


200 l 100% 
180 ” 90 
6 159 170(*p<0.01) 161 P 
= 160 150 80 3 
z 140 129 (p* 7m 7È 
T (p*<01) © § 
3 61 S 83 
w 120 | Threshold vollime NS) su = & 
z for starting CI => © 
% 100 3 5 BS 
7 39 T g 
3 80} 710) wo 5 5 
o 29 Zz + 
g 60 3 $ 8 
o 
z 40 2 g 
20 10 
0 0 
1 ©) 3 4 5 6 < Years 
Years after onset of illness MSA n=245 


© underactive detrusor © detrusor-sphincter dyssynergia DSD A complete retention 


UOWWWOD SI JOSEP SAOBIepUy 


Figure 22.5 
Reduced cerebellar vermis activation in urinary 
storage and micturition phases in MSA. 


Figure 22.6 
Incomplete bladder emptying in MSA. 
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Two pressure—flow nomograms: (a) Abrams-—Griffiths nomogram; (b) Schafer nomogram. Pdet, detrusor pressure; Q, urinary flow rate. 
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Figure 22.8 
Open bladder neck. 


the bladder neck is closed throughout filling so as to avoid 
leaking. However, an open bladder neck is found in 46- 
100% of MSA patients and in 23-31% of PD patients, and 
an open bladder neck at the start of bladder filling, even 
without the accompaniment of bladder overactivity, was 
noted in no PD patients but in 53% of MSA patients (p < 
0.01) (Figure 22.8).!° Because open bladder neck is com- 
mon in patients with myelodysplasia or a lower 
thoracic cord lesion at T12—L2 (where sympathetic thora- 
columbar intermediolateral [IML] nuclei are located) and 
is reproduced by systemic or intraurethral application of 
o.,-adrenergic blockers,“ it is likely that an open bladder 


neck reflects the loss of sympathetic innervation. An open 
bladder neck is usually considered asymptomatic, but may 
cause incontinence and reduce bladder capacity. 


Neurogenic changes in 
sphincter EMG 


Of particular importance is the group of anterior horn 
cells in the sacral spinal cord, which project fibers to 
the external sphincters. They were first described by 
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Figure 22.9 

External sphincter EMG. A motor unit recorded from the anal 
sphincter of a patient with multiple system atrophy shows 

an abnormally prolonged duration (upper range of normal is 
<10 ms) and stable low-amplitude late components. D, division; 
EMG, electromyography; MU, motor unit. 


Onufrowicz in 1900 and hence became known as “Onuf’s 
nuclei. Postmortem studies in patients dying with MSA 
demonstrated a selective loss of anterior horn cells in 
Onuf’s nuclei; such cells are spared in amyotrophic lateral 
sclerosis.**“° Since in IPD the anterior horn cells of Onuf’s 
nuclei are also spared, sphincter EMG can be a means of 
distinguishing between MSA-P and IPD. The external 
(striated) urethral sphincter is another component in 
the maintenance of continence, and is innervated by the 
somatic pudendal nerve. The changes in chronic reinner- 
vation that occur in the motor units of the external 
sphincter have been demonstrated by EMG.*”"*8 Similar 
neurogenic changes have been demonstrated in the anal 
and urethral sphincters in MSA. As the anal sphincter is 
more superficial, needle EMG causes less discomfort and is 
therefore the preferred test. By varying the position of the 
needle electrode, 10 different motor units can be identified 
and the overall mean duration calculated. In the measure- 
ment of duration, it is important to include highly stable 
but low-amplitude late (satellite) components that may be 
separated from the initial part of the complex by an iso- 
electric period of several milliseconds (Figure 22.9). The 
control range of values for the duration of motor units 
is wide,** but a mean duration of motor unit potentials 
>10 ms or more than 20% of motor unit potentials with a 
duration >10 ms is most sensitive for diagnosing chronic 
reinnervation.“ Previous reports showed neurogenic 
motor unit potentials in 75-100% of patients with 


MSA'}19?1-49-51 and in 0-17% of those with IPD.!?7! In 
MSA, neurogenic motor unit potentials occurred in 52% 
in the first year, which increased to 83% in the fifth year 
from the onset of illness.” Although denervation can be 
found in the other skeletal muscles in MSA, it occurs much 
earlier in the external sphincter muscles,” in contrast to the 
case in amyotrophic lateral sclerosis. 

Up to 40% of patients with MSA may have low resting 
urethral pressure,!* which most probably reflects sphincter 
weakness. The resulting denervation of the urethral 
sphincter, together with detrusor overactivity, is a reason 
why urgency incontinence is such a pronounced and early 
feature of MSA. Sphincter weakness in MSA may also 
result in stress urinary incontinence, which occurs particu- 
larly in female patients.’ 


Changing bladder patterns 


The sites responsible for cardiovascular autonomic failure 
in MSA are mostly central, in contrast to the peripheral 
lesions in PAF However, 31-45% of patients with MSA 
also had low-compliance detrusor, defined as a maximum 
bladder capacity/tonic detrusor pressure increase <20 ml/ 
cmH,0.' Low-compliance detrusor is known to occur in 
patients with spina bifida or in animals with experimental 
cauda equina lesions, most probably reflecting neuronal 
loss of bladder preganglionic neurons in the sacral IML 
nucleus and their fibers (pelvic nerve).°°°° The bethane- 
chol test is the established method to detect lesions in the 
most peripheral site.” A minimum amount (2.5 mg) of 
bethanechol, a cholinergic agent, is injected subcuta- 
neously; this amount is not sufficient to evoke bladder 
contraction in normal subjects. However, when the bladder 
is denervated, cholinergic receptor densities in the postsy- 
naptic membrane increase, increasing abnormal detrusor 
pressure upon bethanechol injection. Nineteen percent of 
MSA patients showed denervation supersensitivity of the 
detrusor." 

Repeated urodynamic studies in MSA patients showed 
that the cystometrogram changed from bladder overac- 
tivity to low-compliance or atonic detrusor, and from 
negative to positive bethanechol supersensitivity.'? In 
fact, as the disease progresses, symptoms may change 
from urinary urgency and frequency to those due to 
incomplete bladder emptying.” These findings suggest 
that the responsible sites of the bladder cholinergic disor- 
der may change from the ‘center’ (supranuclear) to the 
‘periphery (nuclear sacral IML and/or infra-nuclear) 
during the course of the illness. Since MSA primarily 
affects the preganglionic neurons in the autonomic ner- 
vous system,'° bladder findings that suggest postgan- 
glionic lesions might reflect trans-synaptic degeneration 
of the cholinergic fibers. 
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Nocturnal polyuria 


Other than bladder disorders, patients with MSA may have 
nocturnal polyuria, which results in nocturnal urinary 
frequency and morning hypotension. In normal children 
over 7 years and adults, the circadian release of arginine 
vasopressin (AVP) from the posterior pituitary gland into 
plasma peaks at night. This leads to a nocturnal decrease in 
urine formation. The ratio of nighttime to daytime urine 
production is usually <1:2, which can be estimated by a 
frequency volume chart. This circadian rhythm can be 
impaired in cases of congestive heart failure, nephrosis, or 
cirrhosis with ascites. However, a postmortem study of the 
brains of patients with MSA revealed the degeneration of 
AVP neurons in the suprachiasmatic nucleus,” leading to 
impairment of the circadian rhythm of the plasma AVP 
concentration in MSA.°*® In addition, daytime postural 
hypotension may also cause nocturnal polyuria in patients 
with MSA.°! This is probably due to a combination of 
factors that include compensatory supine hypertension 
at night, leading to increased glomerular filtration. 


Management of urinary 
dysfunction 


Incomplete bladder emptying 


More than half of patients with MSA have urinary dysfunc- 
tion either prior to or at the time of presentation with 
motor disorder. Since many of these patients develop 
incomplete bladder emptying, they may be misdiagnosed as 
having prostatic hypertrophy. In fact, the results of urologic 
surgery are not always favorable, since bladder underactiv- 
ity contributes more to voiding difficulty than does outflow 
obstruction. Therefore, it is important to avoid inappropri- 
ate urologic surgery in patients with MSA. In men with 
MSA, effects of transurethral resection of the prostate lasted 
for less than 2 years.** A conservative approach with med- 
ical measures to manage urinary problems can be effective. 

Estimation of the PVR volume is a simple and useful test 
in patients with MSA; even though their urinary com- 
plaints are solely urinary urgency/frequency, they may be 
unaware that their bladders do not empty completely. PVR 
can be measured by ultrasound echography, either with 
specific machines (bladder manager BV13000, for exam- 
ple) or abdominal echography (multiplied 3-direction 
diameters*0.5). Transurethral catheterization is also avail- 
able in the clinic but causes slight discomfort. If the patient 
has a significant PVR and is symptomatic, this aspect of the 
problem should be managed using CIC performed by 
either the patient or the caregiver. However, in patients 
with advanced disease and severe neurologic disability, a 


permanent indwelling catheter, either transurethral or 
suprapubic, or urosheath drainage may be required. 


Bladder overactivity 


The bladder is innervated by the parasympathetic pelvic 
nerve and has an abundance of M, muscarinic receptors. 
Bladder overactivity may reflect an increased micturition 
reflex via either the brainstem or the sacral cord, which can 
be treated with anticholinergic medication such as toltero- 
dine, oxybutynin, propiverine, or propantheline. These 
drugs diminish the parasympathetic tone on bladder 
smooth muscle, and are usually tried in patients with 
urinary urgency and frequency. However, anticholinergic 
side-effects, particularly dry mouth (probably mediated by 
M; receptors) and constipation (M,,; receptors), may limit 
their use in a proportion of the patients. A subset of 
patients with MSA may develop mild cognitive decline at 
an advanced stage of the disease. Since the use of anti- 
cholinergic drugs carries a risk of cognitive impairment 
(M; receptors),° though this is much less common than 
the drugs’ peripheral effects, we have to be careful to man- 
age urinary dysfunction in such patients. Anticholinergic 
drugs do ameliorate urgency and frequency, but may also 
reduce bladder contractility during voiding.'! Therefore, it 
should be better to measure PVR regularly. If PVR exceeds 
100 ml, the medication should be withdrawn or CIC 
should be added. If nighttime urinary urgency/frequency is 
the problem, a night balloon is a good alternative to drugs 
for patients who are performing CIC.*® 


Interactions between drugs 
to treat bladder, postural 
hypotension, and motor 
disorder 


o-Adrenergic receptors 


Since incomplete bladder emptying in patients with MSA 
is due mostly to bladder underactivity, drugs acting on 
outflow obstruction are unlikely to benefit all patients. 
However, in some patients, a-adrenergic blockers may be 
effective in lessening PVR volumes, due probably to detru- 
sor-sphincter dyssynergia.™ Uroselective blockers such as 
tamsulosin and naftopidil may be of choice because they 
have fewer side-effects such as postural hypotension. The 
effects of a-adrenergic blockers were reported to last for 
less than 2 years.** 

In contrast, the drugs most commonly used to treat 
postural hypotension in MSA are adrenergic agonists. 
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However, administration of amezinium, an adrenergic 
drug, may increase the risk of retention and PVR volume 
compared to that before treatment. Amezinium most 
probably stimulates the œ receptors, both in the vascular 
wall (04, receptors, particularly in the elderly®*) and the 
proximal urethra (0,4,p-adrenergic receptors). 


Cholinergic receptors 


Both postural hypotension and bladder dysfunction are 
common clinical features in MSA. Pyridostigmine, an 
acetylcholinesterase inhibitor, can be effective in lessening 
PVR volume, since it stimulates muscarinic acetylcholine 
receptors on the bladder (M,,; muscarinic receptors) that 
are innervated by parasympathetic cholinergic neurons. 
Pyridostigmine also lessens postural hypotension, presum- 
ably by enhancing nicotinic acetylcholine receptor trans- 
mission in the sympathetic ganglia.> 


Dopaminergic receptors 


Whether centrally acting drugs, such as pergolide (a 
dopaminergic Dı; receptor agonist) for parkinsonism, 
might ameliorate urinary dysfunction in MSA has not 
been fully studied.”””! Early untreated IPD patients with 
mild urgency and frequency tend to benefit from levodopa 
(Dın) treatment. However, in a one-hour time window, 
levodopa may augment bladder overactivity in early” or 
advanced” IPD patients. Since D,-selective stimulation 
inhibits the micturition reflex that D,-selective stimulation 
facilitates, the balance of these stimulations may explain 
the various effects of the drugs. Levodopa (Dj,.) and its 
metabolites, such as norepinephrine (noradrenaline), may 
also contract the bladder neck by stimulating o,-adrenergic 
receptors.© 


Nocturnal polyuria (vasopressin 
receptors) 


Desmopressin is a potent analog of AVP (hypertensive and 
antidiuretic effects: 100 vs 100 in AVP; 0.39 vs 1200 in 
desmopressin, respectively), and it is used in the treatment 
of diabetes insipidus due to a loss of posterior pituitary 
AVP secretion. Mathias et al® used 2—4 ug of intramuscu- 
lar desmopressin in patients with autonomic failure 
including MSA. We also prescribed 5 ug of intranasal 
desmopressin once a night in MSA patients with impaired 
circadian rhythm of AVP and nocturnal polyuria, with 
benefit.” This small dose of desmopressin is unlikely to 
cause adverse effects. However, hyponatremia and signs of 
cardiac failure should be checked for regularly. A tablet 
form is available and may be more convenient for patient 
use. Desmopressin could also ameliorate morning 


hypotension resulting from the abnormal loss of body fluid 
at night.°° 


Micturition syncope 


Well-known triggers for syncope in MSA include (1) 
standing (postural syncope), (2) eating (post-prandial syn- 
cope), and (3) exercise (postexertional syncope).!° We 
found that syncope in patients with MSA is also triggered 
by (4) voiding (micturition syncope). In our patients, the 
systolic blood pressure increase was less pronounced dur- 
ing storage, whereas the systolic blood pressure decrease 
was significant during and after voiding as compared with 
controls.” The detailed link between the bladder and the 
cardiovascular system is still uncertain in this condition. 
However, particularly in patients who experience abdomi- 
nal strain upon voiding, CIC could lessen micturition 


syncope. 


Summary 


Urinary dysfunction is a prominent autonomic feature in 
patients with MSA, and it is more common (above 90%) 
and occurs earlier than postural hypotension in this disor- 
der. Since the clinical features of MSA may mimic those of 
IPD, a distinctive pattern of urinary dysfunction in both 
disorders is worth looking at. In contrast to IPD, MSA 
patients have more marked urinary dysfunction, which 
consists of both urgency incontinence and PVR >100 ml. 
Videourodynamic and sphincter EMG analyses are impor- 
tant tools for understanding the extent of these dysfunc- 
tions and for determining both the diagnosis and 
management of the disorders. The common finding in 
both disorders is bladder overactivity, which accounts 
for urinary urgency and frequency. However, detrusor- 
sphincter dyssynergia, open bladder neck at the start of 
bladder filling (internal sphincter denervation), and neu- 
rogenic sphincter EMG (external sphincter denervation) 
are all characteristics of MSA. These features may reflect 
pathologic lesions in the basal ganglia, pontine tegmen- 
tum, raphe, intermediolateral cell column, and sacral 
Onuf’s nuclei. During the course of the disease, the patho- 
physiologic balance shifts from central to peripheral, with 
bladder emptying disorder predominating. 

Since MSA is a progressive disorder and impaired detru- 
sor contractility is common, it is important to avoid 
inappropriate urologic surgery in patients with MSA. 
A conservative approach with medical measures includes 
anticholinergics for urinary urgency and frequency, 
desmopressin for nocturnal polyuria, uroselective o1-blockers 
and cholinergic stimulants for voiding difficulty, and CIC 
for large PVR. 
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Multiple sclerosis 


Line Leboeuf, Brian Cohen, and Angelo E Gousse 


Introduction 


Multiple sclerosis (MS) is a complex, autoimmune relapsing— 
remitting disorder of the central nervous system (CNS) 
that results in disabling neurologic deficits. The etiology 
and pathogenesis of the disease are still unknown, but 
there is increasing evidence that the primary disease mech- 
anism of MS is related to an autoimmune attack on the 
CNS myelin, although genetic, environmental, and viral 
factors have all been implicated. The clinical course of the 
disease is extremely variable and unpredictable from one 
individual to the other, but voiding dysfunction is present 
in the majority of these patients at some point in time dur- 
ing the evolution of the illness. Not only does voiding dys- 
function represent a considerable psychosocial burden to 
affected individuals but it also poses great challenges to the 
treatment team. In that regard, knowledge of the patho- 
physiology and clinical evolution of MS, as well as proper 
evaluation and individualized treatments, is essential to the 
urologist to prevent complications and increase the quality 
of life of these patients. 


History and epidemiology of 
multiple sclerosis 


We owe to Jean-Martin Charcot in 1868 the correlation 
between the clinical presentation of MS and its pathologic 
description.' However, the first identification of the lesions 
in MS was presented by Cruveilhier (1835) and Carswell 
(1838) 30 years earlier.’ 

The disease has an incidence of about 7 in 100 000 every 
year, with a prevalence of 120 per 100000, and a lifetime 
risk of 1 in 400.° A clear gender difference exists, females 
being more commonly affected than men by a ratio of 2:1. 
Populations vary in their susceptibility to MS; the preva- 
lence is approximately 1 per 1000 in Americans, and 2 per 
1000 in northern Europeans. In contrast with Caucasians, 
MS is less common in Orientals.” Prevalence rates are also 
reported to be greatest at the extremes of latitudes in both 


the northern and southern hemispheres.® This uneven geo- 
graphic distribution of the disease has been attributed to 
environmental factors, but recent studies have demon- 
strated that genetic susceptibility may play a more impor- 
tant role in determining the prevalence of the disease in a 
particular location than was previously believed.’ The risk 
of MS in monozygotic twins seems to be in favor of this 
argument; hence, the concordance rate for monozygotic 
twins is approximately 30% compared to 3-5% in dizygotic 
twins and 0.1-0.4% in nontwin siblings and the general 
population.® Multiple sclerosis is diagnosed most often 
between the ages of 20 and 50 years old, with pediatric and 
geriatric populations being rarely affected by the disease.” 


Pathogenesis of multiple 
sclerosis 


The pathologic hallmarks of multiple sclerosis are, as 
described by Charcot, the zones of acute focal inflamma- 
tory demyelination or plaques in the white matter of the 
brain and spinal cord. At the present time, the precise 
etiology of MS remains unknown, although numerous 
studies have implicated, alone or in combination, genetic, 
environmental, viral, and autoimmune factors. Growing 
experimental evidence points, however, toward an autoim- 
mune mechanism for the chronic multifocal plaques from 
which the disease gets its name. 


Immunopathology 


The autoimmune attack on CNS myelin in MS leads to a 
loss of saltatory conduction and velocity in axonal path- 
ways. The oligodendrocyte, which is primarily responsible 
for synthesis and maintenance of the myelin sheath around 
nerve axons in the CNS, is phagocytosed, and subsequently 
this event leads to demyelination. The resultant edema 
worsens the neurologic impairment. Chronic attacks will 


Multiple sclerosis 295 


eventually lead to scarring of nerves, with associated severe 
and often permanent neurologic dysfunction.*”!! The phe- 
nomenon of acute demyelination is believed to be the first 
event leading to neurologic dysfunction in MS. However, 
with successive offences, repetitive cell reactivity will isolate 
the nerve lesions, further reducing remyelination potential 
and the capacity of damaged nerves to accommodate 
cumulative deficits. This second phase seems to mark the 
transition from temporary to persistent neurologic deficit.’ 


Cell-mediated autoimmunity 


The contribution of autoreactive T lymphocytes to the 
demyelinating process appears crucial.'* In the peripheral 
circulation, T lymphocytes, activated by unknown mecha- 
nisms, will migrate through the blood-brain barrier, where 
they will be stimulated by binding of the T-cell receptor 
with class II major histocompatibility complex to the anti- 
gen on the surface of an antigen-presenting cell. Release of 
proinflammatory cytokines by the activated T lymphocytes 
will then enhance macrophage activity that may injure the 
myelin processes or oligodendroglial cells.'° 


Humoral and antibody-mediated 
autoimmunity 


The association of T cells and antigen in the CNS activates 
B-lymphocyte cells, which subsequently differentiate into 
antibody-secreting plasma cells. The potential for damage 
from those antibodies resides in the opsonization of the 
autoimmune target and the activation of the complement 
membrane attack complex; all of these phenomena subse- 
quently cause damage to myelin and the myelin oligoden- 
drocyte glycoprotein (MOG).'? Antibodies to MOG have 
been demonstrated within human MS lesions.'* 


Genetics 


The question of genetic predisposition to MS has been 
raised by reports from twin and sibling studies. As previ- 
ously mentioned, concordance rates between monozygotic 
twins are approximately 30%, compared with 5% for dizy- 
gotic twins and nontwin siblings.’ It has also been found 
that the risk of MS for genetically unrelated family mem- 
bers living with an index case is the same as the risk in the 
general population.!? Several chromosomal linkages have 
also been associated with multiple sclerosis, notably at the 
1p, 6p, 10p, 17q, and 19q sites.'° The disease seems to con- 
form to the inheritance pattern of a polygenic disease.'” 
Although genetic predisposition seems to play a promi- 
nent role in the physiopathology of MS, at this time genetic 
factors are not yet clearly determined and explain only part 


of the susceptibility to MS. Lack of identification of a 
major susceptibility gene and the discordance rate of 70% 
between monozygotic twins despite identical genetic back- 
ground remain to be explored. 


Infectious agents 


Multiple infectious agents have been proposed to be linked 
to the physiopathology of MS. Agents currently under 
investigation include Epstein-Barr virus (EBV), human 
herpesvirus 6 (HHV-6), and Chlamydia pneumoniae.'® It 
has been proposed that a genetically susceptible individual 
could be exposed to an infectious agent at a critical time, 
leading subsequently to development of MS, with acute 
attacks possibly related to reactivation of the latent infec- 
tion.” Also, autoimmune offence against self-antigens 
could be triggered by infectious agents that are antigeni- 
cally similar to normal tissue.!? Wandinger et al” have 
reported 100% EBV seropositivity for immunoglobulin G 
(IgG) antibodies in MS patients, compared with 90% IgG 
and 4% IgM in normal controls. Also, the same authors 
found that acute relapses of MS were associated with the 
presence of reactivation of EBV DNA within blood. 
Moreover, other investigators have found HHV-6 in 
actively demyelinating plaques.”’ The bacteria Chlamydia 
pneumoniae were cultured from the cerebrospinal fluid of 
64% of MS patients and from 11% of controls.” 

As these results have not been invariably confirmed by 
other laboratories at this time, most authors agree that 
more studies are necessary to delineate the mechanisms of 
action of those infectious agents, and even more work is 
required to link these agents to the pathogenesis of MS. 


Clinical presentation and 
course of multiple sclerosis 


The neurologic symptoms and signs of MS reflect the loca- 
tion of the affected site within the CNS and are the conse- 
quences of demyelination on axon conduction (Figure 
23.1). Involvement of the cerebrum can lead to cognitive, 
sensory, and motor impairment, with or without epilepsy 
and focal cortical deficits.» When assessed with magnetic 
resonance imaging (MRI), the cerebrum is almost always 
involved, but usually most abnormalities cannot be linked 
to specific clinical symptoms.” Lesions of the optic nerve 
typically lead to painful loss of vision, whereas those of the 
cerebellum and brainstem may present with tremor, ataxia, 
vertigo, diplopia, and impaired speech and swallowing. 
The spinal cord is frequently affected with subsequent 
alterations of motor, sensory, and autonomic function, 
with or without bowel, bladder, and erectile dysfunc- 
tion.*!° Other symptoms such as debilitating fatigue, 
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Figure 23.1 
Lesion sites, syndromes, and symptomatic treatments in multiple sclerosis. T2-weighted magnetic resonance imaging (MRI) abnormalities 
(arrows) in the cerebrum (1), right optic nerve, longitudinal section, (2), transverse section (3), brainstem and cerebellar peduncle (4), and cervical 
spinal cord (5). TENS, transcutaneous electric nerve stimulation. Reproduced from Compston® with permission from Journal of Neurology. 


Treatment 
Established Equivocal Speculative 
Site Symptoms Signs efficacy efficacy 
Cerebrum Cognitive Deficits in attention, reasoning, - - - 
impairment and executive function (early); 
dementia (late 
Hemi-sensory Upper motor neuron signs - - - 
and motor 
Affective (mainly Antidepressants - - 
depression) 
Epllepsy (rare) Anticonvulsants - - 
Focal cortical - - - 
deficits (rare) 
Optic nerve Unilateral painful Scotoma, reduced visual acuity, Low vision ads - - 
loss of vision color vision, and relative afferent 
papillary defect 
Cerebellum Tremor Postural and action tremor, - - Wrist weights, 
and cerebel- dysarthria carbamazepine, isoniazid, 


lar pathways 


Brainstem 


Spinal cord 


Other 


Clumsiness and 
poor balance 


Diplopia 


Vertigo 


Impaired speech 
and swallowing 


Paroxysmal 
symptoms 
Weakness 


Stiffness and 
painful spasms 


Bladder 
dysfunction 


Erectile 
impotence 


Constipation 


Pain 


Fatigue 


Tempature 
sensitivity and 
exercise 
intolerance 


Limb incoordination and gait 
ataxia 


Nystagums, internuclear, and 
other complex opthalmolplegias 


Dysarthia and pseudobulbar 
paisy 


Upper motor neuron signs 


Spasticity 


Bulk laxatives, enemas 


Tricyclic antidepressants 


Carbamazepine, 
gabapentin 


Tizanidine, baclofen, 
dantrolene, 
benzodiazepines 
Intrathecal baclofen 


Antichollnergics and 
Intermittents self 
catheterization, 
suprapubic 
catheterization 


Sidenafil 


Carbamazepine, 
gabapentin 


Amantadine 


Prochloropherazine, 
cinnarizine 


Bofullnum toxin, IV 
corticosteroids 


Desmopressin, 
intravescial 
capsaicin 


Tricyclic 
antidepressants, 
TENS 


Modafanil 


beta-blockers, clonazepam, 
thalamotmy, and thalamic 
stimulation 


Baclofen, gabapentin, 
isoniazid 


Speech therapy 


Cabbabinoids 


Abdominal vibration, 
cranberry juice 


4-aminopyridine, pemoline 
fluoxetine 


Cooling suit, 
4-aminopyridine 


paresthesias on neck flexion (Lhermitte’s symptoms) and 
heat-exacerbated symptomatic worsening (Uhthoff’s 
symptom) may be present.’ As many lesions can be clini- 
cally silent, other causes for the symptom complex must be 
sought before considering the diagnosis of MS, all of which 
are beyond the scope of this chapter and are covered com- 
prehensively elsewhere.” 


Current accepted clinical diagnostic categories for MS 
present as follows: relapsing—remitting (RRMS), secondary 
progressive (SPMS), primary progressive (PPMS), and 
progressive-relapsing (PRMS).** Approximately 80% 
of patients present with RRMS, typically described as dis- 
crete clinical attacks followed by full recovery. RRMS is 
mostly encountered in the younger population. Years after 
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Factors of good and poor prognosis in multiple 
sclerosis (adapted from Keegan and Noseworthy)'° 


Good prognosis Poor prognosis 


Female gender Male gender 


Younger age of onset Predominant cerebellar and 


Optic neuritis motor involvement 

Sensory attacks 

Complete recovery from Incomplete resolution of 
attacks attacks 

Few attacks Progressive course from onset 


Frequent early attacks 


Long interattacks interval Short interattacks interval 


Reproduced from Compston® with permission from Journal of 
Neurology. 


onset, approximately 30-40% of RRMS patients will 
develop a more progressive chronic course characterized by 
progressive persistent deficits with or without acute clinical 
attacks; hence, it is termed secondary progressive MS. In 
20% of patients, the disease is primary progressive from 
onset, without clinically evident relapses.”° Alternatively, 
these patients can later experience superimposed exacerba- 
tion of neurologic dysfunction, a condition referred to 
as PRMS. 

Overall life expectancy from disease onset is estimated to 
be approximately 25 years, death being almost invariably 
caused by unrelated events. Due to the wide variety of clin- 
ical features and presentations, prognosis varies widely. 
Isolated sensory and visual symptoms have been associated 
with good prognosis and with complete recovery.’ On the 
other hand, motor involvement with coordination and bal- 
ance deficits has been linked with poorer prognosis. Clinical 
indicators of good and poor prognosis has been described 
by some authors” and are presented in Table 23.1. 


Diagnosis of multiple sclerosis 


Diagnosis of MS is based on clinical evidence of symptoms 
and is facilitated by paraclinical data: i.e. MRI, cere- 
brospinal fluid (CSF) analysis with oligoclonal bands, and 
visually evoked potentials (Figure 23.2). A purely clinical 
diagnosis of MS is made upon the occurrence of two or 
more distinct attacks, affecting more than one anatomic 
site within the myelinated regions of the CNS (cerebral 
white matter, brainstem, cerebellar tracts, optic nerves, 
spinal cord). Also, a single clinical attack with additional 
lesions discovered by paraclinical evidence can suggest the 
diagnosis. 

MRI of the brain and spinal cord is the most sensitive 
investigational technique in the diagnosis of MS. More 
than 95% of patients with MS have T2-weighted white 


matter abnormalities, although these are not always 
diagnostic.* MRI can also help predict the risk of progres- 
sion to clinically definite MS in a patient with a single 
episode; monosymptomatic patients with one or no brain 
MRI lesions are at low risk of developing a second clinical 
attack in the subsequent decade (15-20%), in contrast to 
patients with two or more cerebral MRI lesions, who are at 
high risk (85%) for a second .attack over the same period.’ 
However, imaging is most useful in the investigation of 
individuals with clinically isolated lesions or insidious 
progressive disease at a single site. 

CSF protein electrophoresis shows oligoclonal IgG 
bands in more than 90% of cases of MS.° Its role in the 
pathogenesis of MS is unresolved but confirms the inflam- 
matory nature of the underlying pathology, therefore 
excluding alternative explanations. Evoked potentials mea- 
sure conduction along afferent CNS pathways following 
stimulation of a sensory receptor.? Abnormal conduction 
may identify a clinically occult demyelinated lesion and 
provide evidence in diagnostically difficult situations. 
Finally, before attributing the diagnosis of MS, the clinician 
must exclude other causes of focal or multifocal CNS 
disease.’ 


Neurologic effect of multiple 
sclerosis on the urinary tract 


Neuroanatomy and 
neurophysiology of normal 
lower urinary tract 


Bladder and sphincter function is considered a single phys- 
iologic unit whose purpose is the efficient, low-pressure 
storage and expulsion of urine. These rather discrete and 
simple functions are achieved through the complex coordi- 
nation of the autonomic, somatic, and central nervous sys- 
tems (Figure 23.3). The parasympathetic and sympathetic 
divisions of the autonomic nervous system produce, via 
their action through neurotransmitters and receptors in 
the bladder and urethral sphincter, bladder emptying and 
storage (Table 23.2). The somatic innervation of the lower 
urinary tract is provided by neurons in spinal segments S2 
to S4. Through the pudendal nerve these fibers activate 
contraction of the external urethral sphincter, producing 
retention of urine and continence. 

Bladder function is also controlled by centers in the 
brainstem, as reported from mammalian animal experi- 
ments,” and later confirmed in human studies.” The so- 
called pontine micturition center provides coordination 
between the autonomic and somatic nervous systems 
involved in voiding, providing a ‘switch’ phenomenon 
between the storage and emptying phases of micturition. 
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One or more 
episodes? 


First clinical 


Subsequent clinical 
episode 


episode 


Paraclinical data 


Different sites affected 
Same site affected 


1 site affected 
1 site affected 


Two 
22 sites affected None 
1 site affected None 


Not required 
Lesions disseminated in space on MRI 
(if CSF positive, MRI criteria less rigorous) 


Lesions disseminated in time on MRI 


One 
==> Insidious progression 


suggestive of 
multiple sclerosis 


Progressive 
from onset 


MRI scan CSF 


— 

a 

Oligo- =~ 

Oligoclonal IEn clonalr i 

bands { banas] yaa 
absent . present 


CSF Plasma CSF Plasma 


Figure 23.2 


Lesions disseminated in space on MRI 
(if CSF positive, MRI criteria less rigorous) 
AND 


Lesions disseminated in time on MRI 


None Positive CSF 


AND 
Lesions disseminated in space on MRI 
(if VEP abnormal, MRI criteria less rigorous) 
AND 
Lesions disseminated in time on MRI 
OR 
continued progression for 1 year 


Investigations 


VEP 


Criteria for diagnosis of multiple sclerosis. The principle is to establish that two or more episodes affecting separate sites within the 
central nervous system have occurred at different times, using clinical analysis or laboratory investigations. Dissemination in space 
based on MRI requires: any three features from (1) one gadolinium (Gd)-positive or nine T2 MRI lesions; (2) 21 infratentorial lesion; (3) 21 
juxtacortical lesion; or (4) 23 periventricular lesions. If VEPs or CSF are positive, >2 MRI lesions consistent with multiple sclerosis are 
sufficient. Dissemination in time of MRI lesions requires: one Gd-positive lesion at >3 months after the onset of the clinical event; or a 
Gd-positive or new T2 lesion on a second scan repeated 3 months after the first. Patients having an appropriate clinical presentation, but 
who do not meet all of the diagnostic criteria, can be classified as having possible multiple sclerosis. MRI, magnetic resonance imaging; 
CSF, cerebrospinal fluid; VEP, visually evoked potential test. (Reproduced with permission from Compston and Coles.’) 


Higher control of micturition is located in the medial 
frontal cortex and the diencephalon; these regions are 
responsible for voluntary control of the initiation and ces- 
sation of micturition. Detailed description of voiding and 
storage pathways are beyond the scope of this chapter and 
are comprehensively covered elsewhere in this book. 


Suprasacral, sacral, and 
intracranial plaques’ effects 


Oppenheimer, in an autopsy study of patients with multi- 
ple lesions, demonstrated that almost all exhibited cervical 
spinal cord demyelination with marked involvement of 


lateral corticospinal and reticulospinal tracts. Moreover, 
the lumbar and sacral cord were involved in 40% and 18% 
of patients, respectively.*! Because innervation of the 
detrusor and external urethral sphincter is mediated via 
these lateral spinal tracts, and knowing the predilection of 
demyelinating plaques for the cervical spinal cord, most 
MS patients have lower urinary tract dysfunction. Litwiller 
et al have divided the effects of MS on the urinary tract into 
suprasacral, sacral, and intracranial." 


Suprasacral plaques 


Interruption of the reticulospinal pathways between the 
pontine and sacral micturition centers may cause loss of 
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WG Figure 23.3 
KS f : Normal bladder neuroanatomy. 
Pudental nerve somatic External sphincter (Reproduced from Fernandez with 
afferent/efferent (striated muscle) permission.)>> 


Innervation of the bladder (modified from Fernandez)” 


Division Spinal cord Nerve Neurotransmitter Receptor Mechanism Effect 
Parasympathetic S2 to S4 Pelvic Acetylcholine Muscarinic Contraction of Bladder 
detrusor emptying 
Relaxation of Bladder 
outlet (urethra) emptying 
Sympathetic T10 to L2 Hypogastric Norepinephrine Beta Relaxation of Retention of 
detrusor urine 
Alpha Contraction of Retention of 
outlet (urethra) urine 
Somatic Efferent Pudendal Acetylcholine Nicotinic Contraction of Retention of 
S2 to S4 external urine 
Afferent sphincter 


S2 to S4 
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Percentage of patients affected by symptoms of bladder dysfunction in multiple sclerosis (modified from Fernandez and 


Quarto.’ ) 
Urge 

Study No. of patients Urgency Frequency incontinence Hesitancy Retention 
Sachs 1921 S7 31 - 37 49 - 
Langworthy 1938 Oy 54 33 34 40 - 
Carter 1950 36 24 17 50 - iiy 
Miller 1965 321 60 50 36 33 2 
Bradley 1973 90 86 60 - 28 20 
Philp 1981 52 61 59 47 25 8 
Goldstein 1983 86 32 32 49 - - 
Awad 1984 47 85 65 72 36 - 
Gonor 1985 64 70 48 56 30 - 
Betts 1992 170 85 82 63 49 - 
Hennessey 1999 191 71 76 19 48 - 
Borello-France 2004 133 61 71 83 - = 
Ukkonen 2004 24 83 54 75 58 - 
Quarto 2007 107 61 83 32 - - 


synergistic activity between the urethral sphincter and the 
detrusor, possibly resulting in detrusor-external sphincter 
dyssynergia (DESD).*” On the other hand, the lack of 
supraspinal suppression of autonomous bladder contrac- 
tion may result from lesions in the corticospinal tract. 


Sacral plaques 


Studies have demonstrated a 20% incidence of involve- 
ment of the sacral cord in autopsy patients.*? Moreover, 
Mayo and Chetner reported that almost two-thirds of 
patients with sacral plaques had detrusor hypocontractility 
and 5% had areflexia.*4 Hence, it has been postulated that 
plaques located in the spinal afferents and efferents of the 
sacral reflex arc may inhibit bladder contraction and there- 
fore result in impaired emptying or urinary retention. 


Intracranial plaques 


Intracranial plaques can be found in approximately 60- 
80% of patients;!' their location involves any area of the 
white matter, but particularly the periventricular zone. In 
those patients affected with this type of lesion, the mic- 
turition reflex as well as the synergistic integration of 
bladder and urethral sphincter function remain intact. 
Micturition is thus physiologically unimpaired. However, 
perception of fullness and ability to inhibit bladder con- 
traction are dependent on an alert and normally function- 
ing sensorium. Intracranial plaques may result in loss of 


voluntary control of initiation or prevention of voiding. 
Disease in the supraspinal CNS may account for detrusor 
hyperreflexia. 


Urologic symptoms associated 
with multiple sclerosis 


Urologic symptoms in patients with MS are shown to vary 
greatly from study to study, their incidence ranging from 
52% to 97%. The best-known series addressing urinary 
symptoms in MS are summarized in Table 23.3.113536 
Frequency and urgency are the most frequent, manifested 
in 31-86% of patients, whereas incontinence and obstruc- 
tive symptoms with or without urinary retention are 
reported in 34-72% and 2-49%, respectively.!'%°° 
Although lower urinary tract symptoms are frequent in the 
MS population, voiding problems are rarely the sole initial 
presentation of the disease:***” only about 10% of patients 
present solely with voiding symptoms at the time of initial 
clinical manifestation of MS.°?%7%8 Additionally, MRI 
findings correlate poorly with the presence of frequency, 
nocturia, and stress or urge incontinence.*? 

Moreover, correlation between urologic symptoms and 
urodynamic evaluation has been reported unreliable as an 
indicator of the extent of vesical dysfunction.*!~’ Koldewijn 
et al have demonstrated urodynamic evidence of urinary 
dysfunction in 100% of symptomatic patients and in 50% 
of asymptomatic ones.*! Also, in another study, nearly half 
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of the patients with elevated postvoid residual (PVR) felt 
sensation of incomplete emptying as compared with nearly 
all patients who expressed complaints of incomplete 
emptying and were found to have elevated PVR.*? Some 
authors have postulated that the poor correlation between 
objective clinical findings and subjective symptoms may be 
explained by the chronicity of the disease and subsequent 
adaptation to the symptom complex. Failure or denial to 
recognize symptoms is another explanation.“ Of upmost 
importance is the study of Bemelmens et al showing that 
MS patients without urologic symptoms can have urologic 
pathology. Hence, 52% of asymptomatic patients had 
anomalies on urodynamic evaluation, suggesting that the 
corticospinal and reticulospinal tracts are commonly 
involved at a subclinical level and that this involvement can 
be found quite early in the demyelinating process. Patients 
who deny urologic problems can still have significant uro- 
dynamically verifiable pathology. 

Finally, studies have reported that patients older than 50 
years of age seem to be more bothered by bladder symp- 
toms.” An explanation for this is the possible cumulative 
effect of other diseases causing bladder dysfunction such as 
benign prostatic hyperplasia (BPH), pelvic relaxation asso- 
ciated with stress incontinence, and longer duration of dis- 
ease in older patients. No significant relationship between 
overall incidence of symptoms and gender exists, but men 
with MS have a higher incidence of obstructive symptoms 
and complications, possibly related to age-related changes 
in the prostate or severity of DESD in men."! 

Studies have demonstrated that lower urinary symptoms 
were strongly related to disability status, as measured by the 
expanded disability status scale’? with weaker relation to 
disease duration and age, as it was previously reported. The 
extent of pyramidal dysfunction also seems to be a strong 
predictor of urologic pathology.“ Finally, the disease pre- 
sentation may influence bladder function, as SPMS shows 
increased risk of bladder function deterioration.” 

Urologic complications such as urinary tract infection 
(UTD, stones, renal impairment, incontinence, and deaths 
associated with lower urinary tract dysfunction in MS are 
decreasing as knowledge of the course of the disease, 
sophisticated evaluation, follow-up, and intermittent 
catheterization are becoming widespread. Although the 
incidence of MS is higher in women than in men, urologic 
complications occur more frequently in the latter, and 
about half of the affected men have DESD. It is believed 
that the high prevalence of incontinence in women may 
protect them by decreasing the risk of developing danger- 
ously elevated intravesical pressures, hence impeding 
severe bladder or renal function.“ Also, one has to be care- 
ful in attributing urologic symptoms in MS patients to 
their underlying neurologic disease, as common urologic 
disorders may coexist, mimic, or aggravate the neurologic 
dysfunction. Although only 7% of patients with MS will 
develop serious bladder or renal problems in the course of 


the disease, it is important to recognize the impact of 
morbidity from urologic symptoms, especially UTI and 
incontinence. These factors pose a great burden on the 
patients and every effort should be made to address them. 


Evaluation of urinary tract 
dysfunction in patients with 
multiple sclerosis 


History 


Initial assessment of MS patients should include a compre- 
hensive history and physical examination. The history aims 
to ascertain whether urologic symptoms exist and should 
begin by emphasis on description of irritative or obstructive 
symptoms and urinary incontinence. Temporal and spatial 
characterization of symptoms, use of a protective device, 
assessment of fluid intake, and quality of life should also be 
addressed.'! One should also determine the presence or 
absence of urologic complications: upper or lower urinary 
tract infection, hematuria, and stones. Past medical and 
surgical history is mandatory, since urologic pathologies 
like BPH or stress incontinence are common in the older 
population and may confuse the neurourologic profile. 
Medication should be noted, as many drugs may affect blad- 
der function. Of particular importance is the young patient 
with unexplained urologic symptoms. In those patients, 
every effort should be made to elicit neurologic symptoms 
suggestive of MS, and prompt referral is mandatory." 


Physical examination 


The genitourinary evaluation begins with an abdominal 
examination to ensure that there is no overt evidence of blad- 
der distention. Careful inspection of external genitalia may 
reveal hypospadias or urethral erosion in patients with an 
indwelling catheter. Prostate and testicular palpation may aid 
in cancer screening and BPH detection. The pelvic examina- 
tion should be performed to evaluate sensory and motor 
function of the pelvic floor and sacral dermatomes. 
Determination of the anal sphincter tone and reflex and per- 
ineal sensation may help to evaluate the presence of neuro- 
logic disease of the bladder, since absent anal reflexes, lax anal 
tone, or absent perineal sensation may be associated with 
neurologic disease of the bladder. Also, pelvic evaluation is 
important to determine the presence of concomitant urethral 
hypermobility or vaginal prolapse, the latter itself being able 
to cause irritative or obstructive voiding symptoms. 

A directed neurologic examination can not only help 
understand the extent of the disease but can also help to pre- 
dict urologic dysfunction. For instance, investigators have 
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noted an association between hyperactive deep tendon 
reflexes and DESD.** Betts et al have reported a high correla- 
tion between cerebellar signs such as ataxia and dysdiado- 
chokinesis and detrusor areflexia.“* Finally, as mentioned 
earlier, the degree of lower extremity motor dysfunction may 
be the best predictor of urologic and bladder dysfunction. 

After the preliminary history and physical examination, 
routine laboratory tests include urine analysis and culture and 
serum creatinine. Urinary tract infection is common in MS 
patients and has been reported in as many of 60% of 
patients.“ Also, an elevated serum creatinine may herald renal 
insufficiency in an asymptomatic patient. A voiding diary may 
also be useful to objectively assess the voiding complaints and 
evaluate the extent of the incontinence problem. 

Although the definite diagnosis of MS is based on clini- 
cal judgment, MRI is used routinely and is diagnostic in 
70-95% of patients with clinically confirmed MS.“ The 
most common MRI abnormality associated with MS, 
although nonspecific for the disease, is a focus of increased 
signal intensity on T2-weighted scans corresponding to a 
plaque demyelination.*® However, many patients are found 
to have lesions on MRI without clinical evidence of the dis- 
ease as reported in imaging studies of normal subjects.” 
Conversely, the absence of lesions on MRI does not exclude 
the diagnosis of MS, as illustrated in the criteria used for 
the diagnosis of the disease. Finally, there does not seem to 
exist any correlation between MRI findings and specific 
urodynamic parameters.” 

Cerebrospinal fluid analysis and evoked responses pro- 
vide additional evidence for the diagnosis of MS. However, 
although abnormal findings are common, no characteristic 
of these tests is specific, neither to the disease itself nor to 
the urologic dysfunctions associated with it. 

Koldewijn et al have reported an incidence of upper tract 
abnormalities of 7% in a study of 2076 patients with MS,“ 
showing that upper tract deterioration is the exception 
rather than the rule. DESD, the presence of an indwelling 
catheter, and poor bladder compliance are risk factors that 
have been strongly linked to upper tract deterioration.**” 
Although baseline radiographic assessment remains an 
integral part of initial evaluation, the low incidence of 
upper tract deterioration has led many urologists to aban- 
don routine yearly upper tract imaging unless baseline 
studies are abnormal or there is a change in clinical status.” 

Lower tract imaging seldom helps with the management 
of patients with MS. However, it may be beneficial to dis- 
criminate between neurogenic voiding and other lower 
urinary tract lesions in the genesis of voiding dysfunction. 


Urodynamic evaluation 


A thorough urodynamic evaluation is mandatory for effec- 
tively diagnosing urinary tract dysfunction and planning 
urinary tract management. The purposes of urodynamic 


testing are to determine and classify the type of voiding 
dysfunction and to identify risks factors such as DESD, 
decreased bladder compliance, and high detrusor filling 
pressures. All these factors are known to predispose to 
upper tract problems, including vesicourethral reflux, 
bladder and kidney stones, hydronephrosis, pyelonephritis, 
and renal insufficiency. However, a recent retrospective 
analysis of 66 MS patients revealed no predictive urody- 
namic parameters for upper tract deterioration as identi- 
fied by ultrasound.*! 

The incidence of abnormal urodynamic findings in 
patients with voiding symptoms and MS approaches 
100%. The incidence of normal urodynamic findings in 
symptomatic patients, on the other hand, is approximately 
10%, as revealed by a meta-analysis of 1900 patients!!! 
(Table 23.4). Bemelmans et al have addressed the particu- 
lar situation of MS patients without urinary complaints; in 
their study, they demonstrated a 52% incidence of clini- 
cally silent urodynamic abnormalities.” This study stresses 
that even MS patients who deny urologic symptoms can 
have significant urodynamic pathology. 

The relationship between urodynamic and MRI findings 
has also been investigated. Ukkonen et al evaluated 24 
patients with primary progressive MS and found that 
patients with urodynamically proven DSD had a higher vol- 
ume of T2-weighted plaques on brain MRI compared to 
MS patients with normal urodynamic studies. Additionally, 
these investigators found that patients with hypotonic 
detrusors had smaller brain volumes than those with 
normal bladder function.” 

Three major patterns of urodynamic dysfunction have 
been described in MS patients and are reported in Table 23.4: 


1. detrusor hyperreflexia without bladder outlet obstruction 
2. detrusor hyperreflexia with outlet obstruction (DESD) 
3. detrusor hypocontractility or areflexia. 


Detrusor hyperreflexia without 
bladder outlet obstruction 


The most common urodynamic abnormality in MS is 
detrusor hyperreflexia, which is manifested symptomati- 
cally by urinary urgency, frequency, nocturia, and inconti- 
nence (Figure 23.4). These findings correlate well with the 
high incidence of intracranial and cervical spinal plaques.*! 
In a meta-analysis of 22 published series, Litwiller et al 
reported that 62% of patients had detrusor hyperreflexia 
on urodynamic findings." 


Detrusor hyperreflexia with bladder 
outlet obstruction 


Detrusor hyperreflexia with DESD is the second most 
common urodynamic finding in patients with neurogenic 
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Published series of urodynamic patterns in multiple sclerosis (modified from Litwiller et al)" 


Hyperreflexia DSD Hyporeflexia Normal 
No. of ars 
Study patients No. % No. % No. % No. % 
Anderson and Bradley 1973 52 33 (63) 16 (31) 21 (40) 2 (4) 
Awad et al 1984 57 38 (66) 30 (52) 12 (21) y (12) 
Beck et al 1981 46 40 (87) - (-) 6 (13) - (-) 
Betts et al 1993 70 63 (91) - (-) - (-) 7 (10) 
Blaivas et al 1979 41 23 (56) 12 (30) 16 (40) 2 (4) 
Bradley et al 1973 99 58 (60) 20 (20) 40 (40) 1 (1) 
Bradley 1978 302 127 (62) - (-) 103 (34) 10 (24) 
Ciancio et al 2001 22 10 (45) (23) 4 (18) 3 13 
Eardley et al 1991 24 15 (63) 6 (27) 3 (13) 6 (25) 
Goldstein et al 1982 86 65 (76) 57 (66) 16 (19) 5 (6) 
Gonor et al 1985 64 40 (78) 8 (12) 13 (20) 1 (2) 
Hinson and Boone 1996 70 44 (63) 15 (21) 20 (28) 6 (9) 
Koldewijn et al 1995 212 72 (34) 2H (13) 32 (8) 76 (36) 
Mayo and Chetner 1992 89 69 (78) 5 (6) 5 (6) 11 (12) 
McGuire and Savastano 1984 46 33 (72) Dil (46) 13 (28) 0 (0) 
Petersen and Pederson 1984 88 73 (83) 36 (41) 14 (16) 1 (1) 
Philip et al 1981 52 51 (99) 16 (37) (0) 1 (2) 
Piazza and Diokno 1997 31 23 (74) 9 (47) (6) 3 (9) 
Schoenburg et al 1979 39 27 (69) 20 (5) 2 (6) 6 (15) 
Sirls et al 1994 113 79 (70) 15 (28) 17 (15) i (6) 
Summers 1978 50 26 (52) 6 @2) 6 (12) 9 (18) 
Van Poppel and Baert 1987 160 105 (66) 38 (24) 38 (24) 16 (10) 
Weinstein et al 1988 91 64 (70) 16 (18) 15 (16) 11 (12) 
Ukkonen et al 2004 24 14 (58) WH (AD) 4 (17) 3 (13) 
Lemack et al 2005 66 49 (74) wD (33) 5 (8) - (-) 
Total/Total No. (%) 1994 1267 (63.54) 417/1559 (26.74) 407 (20.0) 191 (10) 


DSD, detrusor-sphincter dyssynergia; No, number. 


bladder associated with MS (Figure 23.5) and is reported in 
25% of patients.'’ The hyperreflexic contraction occurs with- 
out proper relaxation of the external urethral sphincter. DESD 
usually presents with obstructive symptoms and incomplete 
emptying, the latter being possibly related to sphincteric dys- 
function or incomplete bladder contraction. As opposed to 
DESD in spinal cord patients, DESD in MS patients is rarely 
associated with upper tract dysfunction, suggesting that the 
hyperreflexia and extent of external sphincter spasms may be 
less severe than in spinal cord injury (SCI) patients.“!”? 


Detrusor hyporeflexia 


Finally, detrusor hyporeflexia (Figure 23.6) is reported in 
approximately 20% of patients'! and symptoms include 


straining or incapacity to void and/or overflow inconti- 
nence. Mayo and Chetner have reported that almost two- 
thirds of patients with sacral plaques had detrusor 
hyporeflexia and 5% had detrusor areflexia.** 

As neurologic patterns in MS are known to change 
over time, since the disease is dynamic and is character- 
ized by exacerbations and remissions, changes in uro- 
dynamic patterns have also been reported. Changes in 
lower urinary tract function with time and in response to 
treatment can occur. No generalizations concerning 
patterns of changes can be drawn, but a significant 
proportion of patients (15-55%) will develop changes 
on urodynamic testing, undermining the need for repeat 
urodynamic studies, even in patients with persistent 
stable symptomatology.°** 
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Figure 23.4 


Detrusor hyperreflexia without bladder outlet obstruction. 


Management of urinary 
manifestations of multiple 
sclerosis 


The aim of treatment of the neurogenic patient is man- 
agement of lower urinary tract symptoms, prevention 
of urinary tract infections, preservation of the upper 
urinary tract, and improvement of the quality of life. The 
choice of treatment should be based on a clear under- 
standing of the pathology and on objective parameters, as 
well as on the patient’s disability, autonomy, manual dex- 
terity, and motivation. Since symptoms of MS can change 
over time due to its remission—exacerbation pattern, 
treatment modalities should preferably be reversible and 
permanent surgical procedures should be avoided as 
much as possible. Table 23.5 is a summary of the different 
options presented below. 


Detrusor hyperreflexia 
without bladder outlet 
obstruction 


Behavioral modifications and pelvic 
floor rehabilitation 


Voiding symptoms can often be improved by simple 
behavioral manipulations, but the success of voiding 
mostly relies on the patient’s motivation. Regular voiding 
may reduce hyperreflexic contraction by emptying the 
bladder before a critical state of filling is reached. 
Limitation of fluids may help prevent irritative symptoms, 
as well as avoidance of beverages such as coffee, tea, cola, 
and alcohol that may cause diuresis or irritation of the 
bladder.” Although behavioral modification is a conserva- 
tive treatment modality, objective evaluation should not be 
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Figure 23.5 
Detrusor hyperreflexia with bladder outlet obstruction. 


overlooked. Empirical treatment trials without proper 
evaluation should be avoided, as it may lead to improper 
care and complications."' 

Suppression of an involuntary detrusor contraction by 
stimulation of the perineal musculature is the physiologic 
principle underlying pelvic floor rehabilitation. This 
modality has already been part of the treatment of many 
problems, such as stress incontinence, urgency, sexual 
dysfunction, and fecal incontinence. Pelvic floor rehabili- 
tation has been reported to be of some value in the treat- 
ment of detrusor instability and urgency, by influencing 
the sacral micturition reflex arc and thus inhibiting 
detrusor hyperreflexia. De Ridder et al have noted a sub- 
jective improvement in 76.7% of patients, with signifi- 
cant improvement in functional bladder capacity, 
frequency, and incontinence, as evaluated by urodynamic 
study.” 
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Clean intermittent catheterization 
and catheter drainage 


Clean intermittent catheterization (CIC) is a simple and 
very effective treatment modality for neurogenic voiding 
dysfunction, either in patients with primary emptying 
difficulties or after pharmacologic therapy in patients 
with detrusor hyperreflexia.**** Urodynamic evaluation 
is required to define bladder storage capabilities and to 
select the optimum catheterization interval. Chronic 
catheter drainage after pharmacologic therapy in 
patients with detrusor hyperreflexia should be consid- 
ered only after all the treatment options have been eval- 
uated since indwelling catheters have been associated 
with multiple problems such as urethral erosion in 
males, bladder neck and urethral damage in females, and 
urinary tract infections. 
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Figure 23.6 


Detrusor hyperreflexia. 


Pharmacologic therapy 


Since almost two-thirds of patients with MS have detrusor 
hyperreflexia, treatment often involves pharmacologic 
therapy to suppress uninhibited bladder contractions. 
Traditionally, oxybutynin chloride has been among the 
most widely used drugs. It binds competitively to the mus- 
carinic receptor, thus suppressing bladder contractions. 
Response rates in MS patients have been reported in the 
range of 65-80%.' However, because of the anticholinergic 
profile of its side-effects — namely, decreased salivation, 
constipation, and blurred vision — discontinuation of treat- 
ment was reported in as many as 50% of patients.°” 
Tolterodine, a potent antimuscarinic agent, was specifically 
developed for the treatment of the overactive bladder. It is 
a selective muscarinic receptor blocker with efficacy proven 
equivalent to oxybutynin but with a more favorable tolera- 
bility profile.” In patients who tolerate these medicines, 
recent research indicates that additional benefit can be 
achieved (decreased incontinence episodes, increased cysto- 
metric capacity) by doubling the recommended dosages.*' 
Newer antimuscarinic agents (darifenacin and solifenacin) 
have not been studied specifically in the MS population, 
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but remain potential treatment options. In certain 
patients with combined storage and emptying failure, CIC 
may be used in concert with anticholinergic therapy. In 
these patients, urinary retention is promoted by anti- 
cholinergics and the ‘paralyzed’ bladder is hence drained 
by CIC. 

Experimental treatment with sublingually-delivered 
cannabis extracts has also been demonstrated to alleviate 
urinary symptoms in MS patients. Urinary urgency, 
number and volume of incontinence episodes, frequency, 
and nocturia episodes all decreased in the cannabis extract 
group, and patients also reported decreased pain and spas- 
ticity with improved quality of sleep on the drug.® This 
remains an area of future study. 

Intravesical instillation of oxybutynin is another treat- 
ment option for detrusor hyperreflexia, and is reported to 
alleviate side-effects of oral medication.°**+ Capsaicin and 
resiniferatoxin, the newer intravesical agents, are thought 
to exert a selective neurotoxic action on axons of C sensory 
fibers. These fibers appear to play an important role in 
bladder reflex pathways following spinal cord insult. 
Intravesical capsaicin and resiniferatoxin are known to 
reduce the amplitude of hyperreflexic contractions and 
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Management options of MS patients based on 


urologic dysfunction 


Detrusor hyperreflexia without bladder outlet obstruction: 
e Behavioral modification and pelvic floor rehabilitation 
e Clean intermittent catheterization/catheter drainage 
e Pharmacologic therapy 
e Surgical management 

Denervation procedures 

Augmentation cystoplasty 
e Neuromodulation 


e Botulinum toxin 


Detrusor hyperreflexia with bladder outlet obstruction: 

e Clean intermittent catheterization/catheter drainage 
e External sphincterotomy 

e Augmentation cystoplasty 

e Ileal conduit 

e Cutaneous ileovesicostomy 

e Neuromodulation 


e Botulinum toxin 


Detrusor hyporeflexia: 
e Clean intermittent catheterization/catheter drainage 
e Credé’s maneuver (women) 


e Urinary diversion 


have been used in selective research centers for the treat- 
ment of intractable detrusor hyperreflexia.° 

Nocturia and enuresis are common problems in MS and 
the effect of sleep disturbance may be detrimental to the 
patient’s functional level. Desmopressin, a synthetic analog 
of vasopressin, has been proven efficacious and safe in the 
management of these problems in that population.°”°* 


Surgical management 


The role of surgical intervention in the management of 
patients with neurogenic dysfunction secondary to MS has 
been reduced dramatically with the advent of CIC. As a gen- 
eral rule, nonoperative treatment should be used as long as 
possible. As the course of the disease is dynamic and progres- 
sive, permanent procedures should be performed only after 
stabilization of the neurologic status and after all other con- 
servative options have been exhausted. Evaluation of manual 
dexterity, disability, life expectancy, and social support should 
be undertaken as well as a thorough urodynamic characteri- 
zation of the neurogenic voiding dysfunction. 

Denervation procedures of the bladder have been 
reported for treatment of detrusor hyperreflexia and include 


selective dorsal rhizotomy, subtrigonal injection of phenol 
or alcohol, and bladder myotomy and transection. These 
techniques, although displaying good short-term results, 
have not proven to produce satisfactory long-term effects.” 

Augmentation cystoplasty with or without a catheteriz- 
able limb (using the ileocecal valve or intussuscepted por- 
tion of the small bowel) is usually reserved for the patient 
with refractory detrusor hyperreflexia in whom all other 
nonoperative options have failed. Bladder augmentation 
will allow attainment of large volumes of urine in the blad- 
der with low filling pressures. Excellent results can be 
expected in at least 80% of patients, but most will require 
CIC; thus, the ability to perform CIC is mandatory if one 
is to consider this type of procedure.”°”! Careful evaluation 
of sphincteric competence may also obviate the need for a 
concomitant outlet procedure such as pubovaginal sling or 
sphincter prosthesis. 


Neuromodulation 


Sacral nerve stimulation (SNS) modulates dysfunctional 
voiding behavior in patients by a mechanism not fully 
understood, but comprising detrusor inhibition via affer- 
ent and/or efferent stimulation of sacral nerves.” Although 
the Food and Drug Administration (FDA)-approved indi- 
cations for SNS are urge incontinence, urgency-frequency 
syndrome, and non-neurogenic urinary retention, sacral 
nerve stimulation has been evaluated as a reversible treat- 
ment option for neurogenic refractory urge incontinence 
related to detrusor hyperreflexia. Chartier-Kastler et al 
have reported a 43.6-month long-term efficacy of this 
technique in 7 out of 9 patients with urodynamically 
demonstrable detrusor hyperreflexia, with or without 
DESD.” Although sacral neuromodulation seems to be a 
promising therapy for neurogenic disease, further studies 
and long-term results with an extended cohort of SCI and 
MS patients are yet to be obtained. 

Additional means of neuromodulation to control void- 
ing symptoms are being evaluated. Transcutaneous electri- 
cal nerve stimulation (TENS) has been evaluated in MS 
patients with improvement in irritative voiding symptoms, 
diminished 24-hour micturition frequency, and inconti- 
nence episodes.”* Placement of TENS units on either the 
sacral dermatomes or doral nerve of the penis or clitoris 
has been successful.”*”> However, placement of the TENS 
unit on the dorsal nerve of the penis or clitoris may have 
the added benefit of inhibiting detrusor contractions.” 
Additional study is required to place this method into 
everyday clinical practice.” 


Botulinum-A toxin 


Botulinum-A toxin inhibits calcium-mediated release 
of acetylcholine vesicles at the neuromuscular junction, 
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which results in reduced muscle contractility and atrophy 
at the injection site.” Injections into the detrusor muscle 
seem to be a safe conservative treatment for detrusor 
hyperreflexia in SCI patients. In a study of 21 patients, 
Schurch et al found that 19 of them achieved complete 
continence at 6 weeks and 11 out of 22 at 36 weeks.”® 
Schulte-Baukloh et al’? evaluated 16 MS patients with fre- 
quency, urgency, and urge incontinence who were refrac- 
tory to anticholinergics. Botulinum-A toxin was injected 
into 40 sites of the detrusor muscle for a total dose of 300 
units. Patients had an increase in postvoid residual urine, 
with one woman needing to perform CIC for an extended 
period of time. Both daytime and night-time micturition 
frequency decreased to a statically significant lower 
amount. Incontinence was improved, and patients also 
required fewer pads per day at the 3-month visit. 
Urodynamic parameters were also measured and demon- 
strated increased reflex volume, mean cystometric capacity, 
and decrease in mean detrusor pressure. Patient satisfac- 
tion was evaluated with validated questionnaires. Patients 
indicated improvement in quality of life and overall satis- 
faction, and all patients indicated a willingness to undergo 
repeated procedures.”” Other studies evaluating botu- 
linum-A toxin in neurogenic patients typically include 
patients with MS and show good results, but do not strat- 
ify the results as to the cause of the dysfunction.***! Based 
on the limited results that currently exist, botulinum-A 
toxin seems to be a promising treatment that requires 
further multi-institutional studies. 


Detrusor hyperreflexia with 
bladder outlet obstruction 


Behavioral modifications and pelvic 
floor rehabilitation 


Pelvic floor spasticity and DESD are both predictors of poor 
prognosis, and behavioral modifications and pelvic floor 
rehabilitation should be reserved for mildly symptomatic 
patients. Some women may be guided in voiding by Credés 
maneuver, but this may put the upper urinary tract at risk.” 
Although the maneuver appears easier and less invasive, in 
women, with time, a significant number of patients develop 
daytime and night-time frequency and stress incontinence. 
Consequently, CIC should be the method of choice. 


Clean intermittent catheterization 
and catheter drainage 


Patients with detrusor hyperreflexia have higher treatment 
failures and more upper tract damage.*” The most reason- 
able treatment is CIC. The alternative, in the male, if he 
cannot perform CIC is external sphincterotomy, which is 


discussed below. The other alternative for both sexes 
is indwelling catheter, but these patients, as mentioned 
earlier, have a higher incidence of upper tract changes.” 


Pharmacologic therapy 


Symptoms of neurogenic voiding dysfunction complicated 
by bladder outlet obstruction may be treated by alpha antag- 
onists (terazosin, doxazosin, tamsulosin) or muscle relaxants 
(diazepam, baclofen, dantrolene). Alpha antagonists aim at 
blockage of the sympathetic receptors of the smooth muscle 
component of the proximal urethra and bladder neck, 
thereby decreasing the sphincter tone and relieving bladder 
outlet obstruction. These treatments have had mixed results 
in MS patients. Commonly encountered side-effects 
include orthostatic hypotension, dizziness, and lassitude. 


Surgical management 


Patients with DESD are at higher risk of upper tract dam- 
age.” In those males who cannot be treated with conserv- 
ative measures, outlet-reducing procedures such as 
transurethral external sphincterotomy, self-expandable 
urethral stents, or balloon dilatation may be necessary. The 
conventional and most-used technique is external sphinc- 
terotomy, which typically involves transurethral incision of 
the external sphincter. These procedures allow for total uri- 
nary incontinence, which can afterward be managed by 
condom catheter drainage. They are best reserved for the 
patient with limited hand function for whom CIC is not an 
option or for patients who do not have caretakers that can 
provide this service.**** The performance of supravesical 
diversion (ileal conduit) has decreased with the widespread 
acceptance of augmentation cystoplasty. The latter, con- 
structed with or without a continent stoma, is the preferred 
method. These procedures should be reserved for patients 
with failure of conservative therapy who lack the fine 
motor skills to do CIC.’! Cutaneous ileovesicostomy has 
been used successfully for storage or emptying abnormali- 
ties. In this procedure, a segment of ileum is used to con- 
struct a ‘chimney’ from the bladder to allow cutaneous 
drainage to an external collection device.* Such procedure 
should be reserved for individuals who cannot have CIC 
performed, either by themselves or by others, and who 
wish to avoid chronic indwelling catheter drainage. 


Botulinum-A toxin 


Phelan et al evaluated prospectively 22 SCI patients with 
DESD who were voiding by indwelling catheters or by CIC. 
After botulinum-A toxin injection in the external sphinc- 
ter, all patients except 2 were able to void without catheter- 
ization.” For treatment of DESD, the duration of 
botulinum effect has been reported to be approximately 3 
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months for a single injection,” but monthly intervals for 
3 months resulted in clinical effects up to 9 months.” 
Hence, botulinum-A toxin may be an alternative to exter- 
nal sphincterotomy for men with neuropathic DESD. It 
produces a reversible chemical sphincterotomy, which 
avoids the risks associated with the surgical procedure. 
However, the main disavantage is the need for repeated 
injections to maintain results. This treatment has to be 
considered in cases of failure of more traditional conserv- 
ative modalities and before definitive surgery. 

A recent multi-institutional placebo-controlled trial of 
86 patients recruited from six centers in Europe random- 
ized patients with MS and urodynamically proven DESD to 
injection of the striated sphincter with placebo or botu- 
linum-A toxin.’? The authors found no difference in 
postvoid residual volumes between the treatment and 
placebo groups (p = 0.45) However, the botulinum-A toxin 
group had significantly increased voided volumes (197 ml 
vs 128 ml) and decreased maximal detrusor pressures (52 
vs 66 cm water pressure). No serious side adverse events 
were attributable to the botulinum-A toxin.*” Further 
study is warranted in this patient population. 


Neuromodulation 


Chartier-Kastler et al have evaluated the use of SNS for 
patients with detrusor hyperreflexia. They implanted a 
sacral neurostimulator into 9 patients, of whom 5 had 
detrusor hyperreflexia with DESD. Four of these patients 
had improvement in frequency, volume voided, and urinary 
incontinence.” Long-term results have to be carefully eval- 
uated, particularly in the light of an evolving disease such as 
MS. However, it could become a minimally invasive therapy 
used in the armamentarium of modalities for the disease. 


Detrusor hyporeflexia 


Behavioral modifications and pelvic 
floor rehabilitation 


In certain patients with high postvoid residuals, behavioral 
modifications such as bladder emptying maneuvers 
(Credé), double-voiding, and Valsalva can all assist with 
bladder emptying. Also, timed voiding may also be helpful 
by avoidance of overdistention of the bladder. Pelvic floor 
stimulation in the hyporeflexic bladder has been proven to 
play a very limited role.** 


Clean intermittent catheterization 
and catheter drainage 


For some patients with more advanced disease and/or poor 
hand dexterity, catheterization may be a problem. These 


patients may require an indwelling catheter or suprapubic 
cystostomy. The latter is an attractive option as it has several 
advantages over a conventional indwelling catheter: ure- 
thral erosion and traumatic hypospadias may be avoided 
and personal hygiene and catheter care are simplified 
because of the accessibility of the catheter and its position 
remote from perineal or vaginal soilage. Also, the external 
genitalia can be free of foreign bodies and may render sex- 
ual activity possible. ** 

Chronic catheter drainage should be considered only 
after all the treatment options have been exhausted. The 
risks of bladder calculi, infection, and squamous cell carci- 
noma*®*-”° should be weighed against the advantages for the 
patient. 


Pharmacologic therapy 


There is no proven pharmacologic therapy for detrusor 
hyporeflexia or areflexia. Bethanechol chloride, a choliner- 
gic agonist, was used in the past, but no prospective 
placebo-controlled trial has ever demonstrated its efficacy 
in MS.” 


Surgical management 


When MS patients present symptoms, have urologic com- 
plications, or cannot perform CIC, urinary diversion is 
to be considered. However, the risks and benefits of this 
major surgical procedure must be carefully evaluated, 
especially in those patients with advanced disease. 


Neuromodulation 


Detrusor areflexia or hyporeflexia, i.e. impaired detrusor 
function of neurogenic origin, as a cause of voiding dys- 
function, is a contraindication for sacral neuromodulation 
therapy. Destruction of the peripheral innervation will not 
allow neuromodulation therapy to be effective.” 


Conclusion 


Urinary tract dysfunction is the fate of the majority of 
patients suffering from MS with the advancing course of 
their disease. Due to the poor correlation between subjec- 
tive symptoms and objective parameters, a thorough eval- 
uation of the urinary tract is mandatory in patients with 
and without urinary symptoms. Although many options 
exist for treatment of the neurogenic bladder, a stepwise 
approach with conservative and initially reversible therapy 
is important considering the waxing and waning course 
of the disease. Long-term follow-up aims at preserving 
renal function while minimizing symptoms and enhancing 
quality of life. 
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Other diseases (transverse myelitis, tropical 
spastic paraparesis, progressive multifocal 
leukoencephalopathy, Lyme’s disease) 


Tomas Hanus 


Transverse myelitis 
Incidence 


Acute transverse myelitis (ATM) has an incidence of one to 
four new cases per million people per year, affecting indi- 
viduals of all ages, with bimodal peaks between the ages of 
10 and 19 years and 30 and 39 years. There is no sex or 
familial predisposition to ATM. The characteristics and 
natural history, particularly in relation to neurologic 
outcome, have already been described in a pediatric popu- 
lation in recent years, as well; however, it is a relatively rare 
condition in children. 


Etiology and pathogenesis 


Transverse myelitis (TM) is a clinical syndrome, whereby 
an immune-mediated process causes a neural injury to the 
spinal cord, resulting in varying degrees of weakness, sen- 
sory alterations, and autonomic dysfunction. TM may exist 
as part of a multifocal disease of the central nervous system 
(CNS) (e.g. multiple sclerosis (MS)), as a multisystemic 
disease (e.g. systemic lupus erythematosus), or as an 
isolated, idiopathic entity. 

Acute TM is commonly parainfectious. Recurrent ATM 
occurs in connective tissue disease (CTD), infective 
myelitis, and idiopathic inflammatory demyelinating dis- 
orders (IIDD), including MS and neuromyelitis optica 
(NMO). With improved understanding of the underlying 
neurophysiology, only true spinal inflammatory processes 
are designated myelitis. Myelitis is classified either accord- 
ing to the speed of symptom progression (acute, subacute, 
or chronic) or according to the etiology (viral, bacterial, 
parasitic, tuberculosis, and idiopathic). These disorders 
may selectively affect different parts of the nervous system, 


spinal cord and meninges (meningomyelitis), or meninges 
and roots (meningoradiculitis). The inflammatory distrib- 
ution is termed poliomyelitis when it is confined to the 
gray matter and leukomyelitis if it affects the white matter. 
When the entire thickness of the spinal cord is involved it 
is called transverse myelitis. 


Diagnosis 


ATM is characterized clinically by an acute or subacute 
onset of symptoms and signs of neurologic dysfunction in 
motor, sensory, and autonomic nerves and nerve tracts of 
the spinal cord. There is often a clearly defined upper 
border of sensory dysfunction, and spinal magnetic reso- 
nance imaging (MRI) and lumbar puncture often show 
signs of acute inflammation. When the maximal level of 
deficit is reached, approximately 50% of patients lose all 
movements of their legs, virtually all patients have bladder 
dysfunction, and 80 to 94% of patients have numbness, 
paresthesias, or band-like dysesthesias. Autonomic symp- 
toms consist variably of increased urinary urgency, bowel 
or bladder incontinence, difficulty or inability to void, 
incomplete evacuation, or constipation. 

The Transverse Myelitis Consortium Working Group 
suggested a set of uniform diagnostic criteria and nosology 
for ATM, which is a focal inflammatory disorder of the 
spinal cord, resulting in motor, sensory, and autonomic dys- 
function.' This set was proposed to avoid the confusion that 
inevitably results when investigators use differing criteria. 
This set will ensure a common language of classification, 
reduce diagnostic confusion, and will lay the groundwork 
necessary for multicenter clinical trials. In addition, a 
framework is suggested for evaluation of individuals pre- 
senting with signs and symptoms of ATM. The best treat- 
ment often depends on a timely and accurate diagnosis. 
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Criteria for idiopathic ATM 


A Inclusion criteria 

Development of sensory, motor, or autonomic dysfunction 
attributable to the spinal cord 

Bilateral signs and/or symptoms (though not necessarily 
symmetric) 

Clearly defined sensory level 

Exclusion of extra-axial compressive etiology by neuroimaging 
(MRI or myelography; CT of spine not adequate) 
Inflammation within the spinal cord demonstrated by CSF 
pleocytosis or elevated IgG index or gadolinium 
enhancement. If none of the inflammatory criteria is met at 
symptom onset, repeat MRI and lumbar puncture evaluation 
between 2 and 7 days following symptom onset 

Progression to nadir between 4 hours and 21 days following 
the onset of symptoms 


B Exclusion criteria 

History of previous radiation to the spine within the 
last 10 years 

Clear arterial distribution clinical deficit consistent with 
thrombosis of the anterior spinal artery 


Abnormal flow voids on the surface of the spinal cord 
c/w AVM 

Serologic or clinical evidence of connective tissue disease 
(sarcoidosis, Beh¢et’s disease, Sjogren’s syndrome, 

SLE, mixed connective tissue disorder, etc.) 

CNS manifestations of syphilis, Lyme disease, HIV, 
HTLV-1, Mycoplasma, other viral infection (e.g. HSV-1, 
HSV-2, VZV, EBV, CMV, HHV-6, enteroviruses) 

Brain MRI abnormalities suggestive of MS 


History of clinically apparent optic neuritis 


Because acute transverse myelopathies are relatively rare, 
delayed and incomplete work-up often occurs. Rapid and 
accurate diagnosis will ensure not only that compressive 
lesions are detected and treated but also that an idiopathic 
ATM is distinguished from ATM secondary to known 
underlying disease. Identification of etiologies may sug- 
gest medical treatment, whereas no clearly established 
medical treatment currently exists for idiopathic ATM. 
Establishment of a diagnostic algorithm will likely lead to 
improved care, although it is recognized that the entire eval- 
uation may not be performed for every patient. 

The diagnostic criteria for idiopathic ATM are listed in 
Table 24.1. Diagnosis of idiopathic ATM should require 
that all of the inclusion criteria and none of the exclusion 
criteria are fulfilled. Diagnosis of disease-associated ATM 
should require that all the inclusion criteria are met and 


that the patient is identified as having an underlying 
condition listed in the disease-specific exclusions. 


Voiding dysfunctions 


Transverse myelitis has various neurologic manifestations. 
Bladder dysfunction is common and may be the only 
sequel. The neurologic events during normal micturition 
that culminate in a detrusor contraction and urethral relax- 
ation are integrated in the rostral brainstem in the area 
designated as the pontine micturition center. Any lesion 
within the spinal cord, such as trauma, multiple sclerosis, 
myelodysplasia and myelitis, which causes a disruption of 
this pathway, may result in detrusor-external sphincter 
dyssynergia (DSD). If the disease involves the sacral (S2 to 
S4) cord or roots a lower motor neuron lesion may occur as 
well, with pudendal or parasympathetic dysfunction. If the 
thoracolumbar cord is affected sympathetic dysfunction 
may occur. Urodynamic study is helpful in evaluating the 
bladder dysfunction and also in its management. 

Ganesan and Borzyskowski described the characteristics 
and course of urinary tract dysfunction after acute trans- 
verse myelitis in 10 children, with ages ranging from 8 
months to 16 years.” Patients were studied with videouro- 
dynamics and followed at a pediatric neurourology clinic. 
Nine of 10 children had obstructive urinary tract symp- 
toms at presentation and all developed irritative urinary 
tract symptoms (frequency and urgency) about 1 month 
after the initial presentation. Videourodynamics showed a 
combination of irritative (detrusor overactivity) and 
obstructive (DSD) abnormalities in most patients and 
enabled management to be specifically directed towards 
these. The patients’ progress was followed for a median 
duration of 36 months. All had residual bladder dysfunc- 
tion, only 4 were asymptomatic on treatment. The degree 
of recovery of bladder function was not related to the 
degree of motor recovery. 

In the study of Cheng et al, the long-term urologic 
outcome of children with ATM was assessed.*? Medical 
records of children with ATM over last 15 years were 
reviewed. The median age of the 5 children with ATM at 
the time of onset was 6 years (range 2 to 12 years). The 
median length of follow-up was 5 years (range 2 to 10 
years). Four children recovered completely from parapare- 
sis; 2 had no urinary symptoms with normal voiding. 
However, videourodynamic studies 3 years after the acute 
onset revealed that 4 out of the 5 children, including one 
without any urinary symptom, suffered from residual blad- 
der dysfunction — two from contractile neurogenic bladder 
and two from intermediate type neurogenic bladder. 

Leroy-Malherbe et al studied retrospectively the records 
of 21 children admitted at the mean age of 8 years 5 months 
(range 2 to 14 years 8 months) for acute transverse myelopa- 
thy.* Bladder sphincter dysfunction occurred on the first 
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days of the disease in 85% of these patients. Abnormal per- 
ception of micturition was one of the most constant and 
specific symptoms. Anorectal function was also impaired. A 
complete regressive course was noted in 38% of patients, 
minor sequelae in 39%, and major sequelae after 6 months 
in 23%. No upper tract deterioration was noted after 3 years. 
Factors of favorable prognosis were early motor function 
recovery (especially recommencement of walking before 20 
days) and early management of bladder dysfunction (inabil- 
ity to void had better prognosis than urinary incontinence). 
Early systematic bladder drainage in case of inability to void 
might be essential for improved prognosis. Voiding dysfunc- 
tion secondary to schistosomal myelopathy was also 
described by Gomes et al. Schistosomiasis mansoni is an 
endemic fluke infection in South America, the Caribbean, 
and Africa. In the United States and Europe, people may 
become infected mainly after traveling to endemic areas and 
after immigration of infected individuals. Clinical involve- 
ment of the spinal cord is a well-recognized complication of 
the disease. The typical presentations are those of an acute 
TM with sudden onset of lower extremity neuropathy asso- 
ciated with bladder and bowel dysfunction. The authors 
reviewed records and urodynamic studies of 14 consecutive 
patients (10 men and 4 women, aged 23 to 49 years) with 
schistosomal myelopathy confirmed by cerebrospinal fluid 
(CSF) serology for S. mansoni, who were referred for evalu- 
ation of voiding dysfunction during a 2-year period. At the 
time of the urologic evaluation, 9 patients had chronic 
neurologic and urinary symptoms and 5 had recent onset of 
acute symptoms. History of voiding function, urologic com- 
plications, and outcomes after therapy for schistosomiasis 
were also reviewed. Of the patients with acute disease (5 
patients), the urologic symptoms included urinary retention 
(3 patients) and incontinence (2 patients). Three of them 
had concurrent lower back pain and lower extremity neuro- 
logic deficits. Urodynamic studies were performed in 3 
patients and revealed bladder acontractility in 2 patients and 
detrusor overactivity with external sphincter dyssynergia in 
1 patient. 

The patients were started on clean intermittent catheter- 
ization (CIC) and received praziquantel and corticos- 
teroids. Three patients had complete resolution of their 
symptoms, one recovered normal voiding function but the 
neurologic deficits persisted, and one had no clinical 
improvement. All patients with chronic schistosomal 
myelopathy presented with lower limb neurologic deficits 
of varying degrees and urinary symptoms, including diffi- 
culty in bladder emptying (7 patients), urinary inconti- 
nence (6 patients), and urgency and frequency (2 patients). 
Laboratory and radiographic investigations of patients 
with chronic disease revealed urinary tract infection in 5 
patients, hydronephrosis in 2 patients, and bladder calculi 
in 2 patients. Urologic management consisted of antibi- 
otics, CIC, anticholinergic medication, and stone removal, 
as appropriate. In 1 patient, conservative treatment failed 


and the patient required ileocystoplasty. Schistosomal 
myelopathy is a potential cause of severe voiding dys- 
function secondary to spinal cord disease. A high index of 
suspicion is of paramount importance because early 
medical intervention can abort the progression of neuro- 
logic deterioration. 

Kalita et al evaluated voiding abnormalities in ATM and 
correlated these with evoked potentials, MRI, and urody- 
namic findings.” Of 18 patients with ATM aged 4 to 50 
years, 15 had a paraparesis and three quadruparesis. 
Patients with ATM had a neurologic examination and 
tibial somatosensory and motor evoked potential studies in 
the lower limbs. Spinal MRI was carried out using a 1.5 T 
scanner. Urodynamic studies were done using a Dantec UD 
5500 machine. Neurologic outcome was classified on the 
basis of the Barthel index score at 6 months as poor, 
partial, or complete. In some patients, urodynamic studies 
were repeated at 6 and 12 months. Spinal MRI in 14 of 18 
patients revealed T2 hyperintense signal changes, extend- 
ing over at least three spinal segments in 13 patients. One 
patient had normal MRI. In the acute phase, 17 patients 
had a history of urinary retention and one had urge incon- 
tinence. At 6 months’ follow-up 2 patients had regained 
normal voiding, retention persisted in 6, and storage symp- 
toms had developed in 10, of whom 5 also had emptying 
difficulties. Urodynamic studies showed an acontractile or 
hypocontractile bladder in 10, detrusor overactivity with 
poor compliance in 2, and DSD in 3 patients. Early abnor- 
mal urodynamic findings commonly persisted at the 6- 
and 12-month examinations. Persistent abnormalities 
included detrusor overactivity, dyssynergia, and acontrac- 
tile bladder. The urodynamic abnormalities correlated with 
muscle tone and reflex changes, but not with sensory or 
motor evoked potentials, muscle power, MRI signal 
changes, sensory level, or 6-month outcome. 

Sakakibara et al reported on 10 patients with ATM.® 
Seven patients had urinary retention and 3 patients had 
voiding difficulties within 1 month after the onset of the 
disease. Five patients with retention became able to void. 
After the mean follow-up of 40 months, 9 still had urinary 
symptoms, including difficult voiding in 5 and urinary 
frequency, urgency, and incontinence in 4 patients. Four 
patients had urinary disturbance as a sole sequel of ATM. 
Urodynamic studies performed on 9 patients revealed that 
all of the 3 patients with the urgent incontinence had 
detrusor overactivity, all of the 4 patients with retention 
had an acontractile cystometrogram as well as sphincter 
overactivity, and 3 of 5 patients with voiding difficulty had 
DSD. The acontractile cystometrogram tended to change 
to a low compliance bladder, followed by detrusor overac- 
tivity or a normal cystometrogram. Analysis of the motor 
unit potentials of the external sphincter revealed that 2 of 
the 3 patients had high-amplitude or polyphasic neuro- 
genic changes. Supranuclear as well as nuclear types of 
parasympathetic and somatic nerve dysfunctions seemed 
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to be responsible for voiding disturbances in the patients 
with ATM. 

Chan et al reported the case of a 63-year-old Chinese 
man who presented with quadruparesis and urinary incon- 
tinence.’ The initial diagnosis was a cord compression 
from cervical spondylosis. The patient relapsed 3 months 
after cervical laminectomy. The TM picture, left optic atro- 
phy, and suggestive brainstem evoked potentials led to 
treatment of a presumptive demyelinating process. The 
presence of vitiligo, however, led to the detection of high 
titers of antinuclear antibodies (ANAs) and the presence of 
anti-nonhistone antibodies. The patient was then diag- 
nosed to have a lupus (SLE)-like disease, which has not 
fully developed. He was prescribed pulsed cyclophos- 
phamide and prednisolone, with significant gains both 
neurologically and functionally up to 1 year of follow-up. 
It can occur in men in the seventh decade of life, heighten- 
ing the need for awareness in our approach to the myelo- 
pathic patient. 

The following year, Chan et al published clinical features 
of 9 lupus patients who presented with TM and docu- 
mented functional outcomes of early treatment with high- 
dose corticosteroids and/or cyclophosphamide.’ These 
9 patients who developed a total of 14 episodes of TM were 
retrospectively reviewed. All patients were females aged 
21 to 59 years. Nine episodes of paraparesis, 3 of quadru- 
paresis, 1 of numbness, and 1 of neurogenic bladder were 
reported early in the diagnosis of SLE (median of 2 years). 
Neurogenic bowel and bladder and the presence of anti- 
bodies ANA and anti-ds-DNA were invariable. 

Berger et al found abnormal detrusor function in all 6 
patients with TM.’ CT scans and myelograms were incon- 
clusive and CSF studies were normal. ESR and complement 
levels were insensitive as markers of disease activity. The 
treatment regimens included pulses of methylprednisolone 
and/or cyclophosphamide followed by prednisolone and 
high-dose prednisolone from the onset. The functional 
outcomes were uniformly good, with independent ambu- 
lation in all except 3 (who needed assistive devices) and 
improvement of motor scores. Acute hospital stay was 
short (range 3 to 45 days) and only two were referred for 
inpatient rehabilitation. Bladder abnormalities persisted 
despite motor recovery. Six men and 2 women with a his- 
tory of TM and persistent lower urinary tract symptoms 
underwent neurourologic evaluation. Of the patients, 4 
were neurologically intact, while the remainder had resid- 
ual neurologic deficits. Urodynamic studies revealed detru- 
sor-external sphincter dyssynergia in 6 patients. Two 
patients had detrusor overactivity, of whom 1 also had an 
incompetent sphincter. Erectile or ejaculatory dysfunction 
was reported by 3 men. They concluded that prolonged 
bladder and sexual dysfunction, caused by spinal cord 
inflammatory insult, may persist despite a systemic neuro- 
logic recovery. Therefore, bladder management guided by 
initial and follow-up urodynamics is recommended. 


Chartier-Kastler et al in 2000 assessed clinical and 
urodynamic results of sacral nerve stimulation for patients 
with neurogenic (spinal cord disease) urge incontinence 
and detrusor overactivity resistant to parasympatholytic 
medications.'° Nine women with a mean age of 42.6 years 
(range 26 to 53 years) had been treated since 1992 for 
refractory neurogenic urge incontinence with sacral nerve 
stimulation. Neurologic spinal diseases included viral and 
vascular myelitis in 1 patient each, MS in 5, and traumatic 
spinal cord injury in 2. The mean time since neurologic 
diagnosis was 12 years. All patients had incontinence with 
chronic pad use related to neurogenic detrusor overactiv- 
ity. Intermittent self-catheterization for external detrusor- 
sphincter dyssynergia was used by 5 patients. Social life was 
impaired and these patients were candidates for bladder 
augmentation. A sacral (S3) lead was surgically implanted 
and connected to a subcutaneous neurostimulator after a 
positive stimulation trial. Mean follow-up was 43.6 months 
(range 7 to 72 months). All patients had clinically signifi- 
cant improvement of incontinence and 5 were completely 
dry. The average number of voids per day decreased from 
16.1 to 8.2. Urodynamic parameters at 6 months after 
implant improved significantly from baseline, including 
maximum bladder capacity from 244 to 377 ml, and vol- 
ume at first uninhibited contraction from 214 to 340 ml. 
Maximum detrusor pressure at first uninhibited contrac- 
tion increased in 3, stabilized in 2, and decreased in 4 
patients. Urodynamic results returned to baseline when 
stimulation was inactivated. All patients subjectively 
reported improved visual analog scale results by at least 
75% at the last follow-up. It was concluded that sacral 
nerve stimulation can be used as a reversible treatment 
option for refractory urge incontinence related to detrusor 
overactivity in selected patients with spinal lesions. 

Das and Jaykumar reported a case of TM with urinary 
retention in Nepal following typhoid vaccination.'! The 
prognosis is unsatisfactory and there tends to be a 
prolonged period with residual paralysis. 

Tsiodras et al reviewed all available literature on cases of 
Mycoplasma spp. associated ATM with dominant spinal 
cord pathology and classified those cases according to the 
strength of evidence implicating M. pneumoniae as the 
cause.'* A wide range of data on diagnosis, epidemiology, 
immuno-pathogenesis, clinical picture, laboratory diagno- 
sis, neuroimaging, and treatment of this rare entity has 
been presented. The use of highly sensitive and specific 
molecular diagnostic techniques may assist to clearly eluci- 
date the role of M. pneumoniae in ATM/ADEM syndromes 
in the near future. Myelitis is one of the most severe central 
nervous system complications seen in association with 
Mycoplasma pneumoniae infections, and ATM has been 
observed. Immunomodulating therapies may have a role in 
the treatment of such cases. A case of TM with urinary 
retention in a 16-year-old man caused by Mycoplasma 
pneumoniae was also reported. He was discharged from 
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hospital after 2 months. However, since urinary frequency, 
urge incontinence, and a weak urinary stream persisted, he 
was referred to a pressure—flow study examination that 
showed overactive detrusor and DSD. He improved after 8 
months of oral propiverin hydrochloride and imipramine 
hydrochloride treatment, but still had nighttime inconti- 
nence. Another case described a 9-year-old girl with 
urinary retention 16 days after measles and rubella vacci- 
nation. Her illness was diagnosed as TM. She was treated 
with steroids and discharged with only mild lower limb 
weakness. 

Krishnan et al described the clinical manifestations of TM 
as a consequence of a dysfunction of motor, sensory, and 
autonomic pathways.” At peak deficit, 50% of patients with 
TM were completely paraplegic (with no volitional leg 
movement), virtually all had some degree of bladder 
dysfunction, and 80 to 94% had numbness, paresthesias, or 
band-like dysesthesias. Recent studies have shown that the 
cytokine interleukin-6 may be a useful biomarker, as the 
levels of interleukin-6 in the cerebrospinal fluid of acute TM 
patients correlate strongly with and are highly predictive of 
disability. Clinical trials testing the efficacy of promising 
axonoprotective agents in combination with intravenous 
steroids in the treatment of TM are currently underway. 


Prognosis 


A longitudinal case series of ATM revealed that approxi- 
mately one-third of patients recovered with little to no 
sequelae, one-third were left with a moderate degree of per- 
manent disability, and one-third had severe disabilities. 
Rapid progression of symptoms, back pain, and spinal 
shock predict poor recovery. Paraclinical findings such as 
absent central conduction on evoked potential testing and 
the presence of 14-3-3 protein, a marker of neuronal injury, 
in the CSF during the acute phase predict a poor outcome. 
Some authors have reported that the recovery rate is gen- 
erally complete. Long-term follow-up of urologic function 
in all patients with TM is recommended. 


Tropical spastic paraparesis 


HAM: human T-cell lymphotropic virus type 1-associated 
myelopathy. 


Etiopathogenesis and 
epidemiology 


Tropical spastic paraparesis (TSP) is a condition associated 
with and probably caused by the retrovirus human T-cell 


lymphotropic virus type | (HTLV-1).'*!° HTLV-1 is a 
retrovirus with affinity for CD-4 cells. 

It is a common cause of paraparesis in the West Indies,!® 
where it was formerly known as Jamaican neuropathy or 
myelopathy, and in the southern islands of Japan, where it 
is called HTLV-1-associated myelopathy or HAM,” but it 
is also found widely in the tropics and subtropics and in 
immigrants to northern Europe from endemic areas.'>'® 

The first description of HTLV-1 was made in 1980, 
followed closely by the discovery of HTLV-2, in 1982. Since 
then, the main characteristics of these viruses, commonly 
referred to as HTLV-1/2, have been thoroughly studied. 
Central and South America and the Caribbean are areas of 
high prevalence of HTLV-1 and HTVL-2 and have clusters 
of infected people. The major modes of transmission have 
been through sexual contact, blood, and mother to child 
via breast-feeding. HTLV-1 is associated with adult T-cell 
leukemia/lymphoma (ATL), HTLV-associated myelopa- 
thy/tropical spastic paraparesis (HAM/TSP), and HTLV- 
associated uveitis, as well as infectious dermatitis of 
children. More clarification is needed in the possible role of 
HTLV in rheumatologic, psychiatric, and infectious dis- 
eases. Since cures for ATL and HAM/TSP are lacking and 
no vaccine is available to prevent HTLV-1 and HTLV-2 
transmission, these illnesses impose enormous social and 
financial costs on infected individuals, their families, and 
health-care systems. For this reason, public health inter- 
ventions aimed at counseling and educating high-risk indi- 
viduals and populations are of vital importance. In the 
Americas this is especially important in the areas of high 
prevalence.” 


Pathology 


Meningomyelitis with demyelination and axonal loss, 
particularly affecting the corticospinal tracts, is usually 
present. These findings are most prominent in the lower 
thoracic and upper lumbar regions.!>!°7° 


Symptoms 


This infection may give rise to a broad spectrum of disor- 
ders including T-cell leukemia/lymphoma, the myelopa- 
thy/tropical spastic paraparesis complex (M/TSP), and, to a 
lesser extent, uveitis, arthritis, polymyositis, and peripheral 
neuropathy. M/TSP is a progressive, chronic myelopathy 
characterized by spasticity, hyperreflexia, muscle weakness, 
and sphincter disorders. Much less frequently it may pre- 
cede, or give rise to, a cerebellar syndrome with ataxia and 
intention tremor. The widespread nature of the pathologic 
changes within the nervous system results in a complex 
variety of urodynamic and neurophysiologic features. Gait 
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disturbance is a main symptom of HAM, however bladder 
dysfunction is one of the major symptoms characteristic to 
HAM and these patients frequently complain of voiding 
disturbances. 

Fujiki et al 1999 reported the case of a 75-year-old 
woman with HAM presenting with cerebellar signs.*! She 
was admitted because of walking unsteadiness, which ini- 
tially appeared 3 years previously with gradual worsening. 
Neurologic examination revealed limb and truncal ataxia, 
cerebellar type dysfunction of eye movements, pyramidal 
signs, diminished vibration sense, and neurogenic bladder. 
Serum and CSF titers of anti-HTLV-1 antibody were 
markedly elevated. MRI revealed abnormal signals in cere- 
bral white matter, mild cerebellar atrophy, and thoracic 
cord atrophy. Cerebellar signs and symptoms were initial 
and main neurologic manifestations in this patient, which 
were improved by steroid therapy. They considered this 
case was unique among HAM, because the cerebellum was 
considered to be the main site of her lesions. 

The presence of a cerebellar syndrome or neuropathy of 
uncertain origin, in endemic areas, should lead to the 
inclusion of HTLV-1 infection in the differential diagnosis, 
even in the absence of pyramidal symptoms or defined 
M/TSP. Maternal seropositivity supports the hypothesis of 
mother-daughter transmission during breast-feeding. 
Anti-HTLV-1 antibodies and ATL-like cells can be present 
in the peripheral blood of patients with HAM. 

A clinical case with a cerebellar syndrome and peripheral 
neuropathy as manifestations of infection by HTLV-1 was 
described by Carod-Artal et al.” This was the case of a 13- 
year-old adolescent girl who presented with a neurologic 
syndrome which had started with head and limb tremor, 
ataxia, dysmetria, frequent falls, and sphincter disorders. 
During the two and a half years that she had had this illness 
she developed spastic paraparesis of the legs and had 
repeated urinary infections. Blood and CSF serology was 
positive for HTLV-1 using the ELISA technique and con- 
firmed by Western blot. Electromyography (EMG) showed 
predominantly axonal sensomotor neuropathy. Neurogenic 
bladder was detected on urodynamic studies. MRI revealed 
moderate atrophy of the thoracic spinal cord and slight 
alterations of the subcortical white matter. 


Urodynamic findings 


The condition is characterized by a progressive paraparesis 
associated with back pain and voiding disturbances. While 
there have been many reports concerning the clinical and 
immunologic features of this condition, little attention has 
been paid to the bladder dysfunction which commonly 
accompanies it. Most patients had urodynamic evidence of 
overactivity and DSD. The supranuclear type of voiding 
dysfunction seems to be in accordance with the known 
pathologic lesions of this disease. 


Sakiyama et al evaluated symptoms and urodynamic 
examinations in 21 untreated patients with HAM.” 
Although 2 cases (11%) had no urinary symptoms, 19 
cases (89%) suffered from dysuria, frequency, inconti- 
nence, or urgency. The combination of irritative and 
obstructive urinary disturbance was a characteristic symp- 
tom in the HAM patients. In 3 cases the urinary symptoms 
preceded the gait disturbance which is the main symptom 
of HAM. Urodynamics revealed bladder overactivity in 14 
cases (66%), although 3 cases (15%) showed underactive 
or acontractile bladder with a decrease in urinary sensa- 
tion. The urethral pressure profile (UPP) was normal, but 
DSD was found frequently at EMG. This typical dysfunc- 
tion of the HAM patients was thought to be caused by 
destruction of the lateral column of the spinal cord. 

Eardley et al reported the clinical features, urodynamic 
results and neurophysiologic findings in 6 patients with 
urinary symptoms related to TSP.** Voiding dysfunction 
was also evaluated in 26 patients (9 males and 17 females) 
with HAM by Yamashita and Kumazawa.”* Of 26 patients, 
22 (85%) had voiding difficulties, 15 (58%) had urinary 
frequency, and 9 (35%) had urge incontinence. Cystograms 
showed trabeculated bladder in 5 patients, vesicoureteral 
reflux in 3, and bladder neck obstruction in 5. In 25 
patients (96%), urodynamic studies showed detrusor over- 
activity with normal urethral function during storage. Of 
these patients, 17 had detrusor underactivity with DSD 
during micturition. One patient had normal detrusor 
function during storage and detrusor acontractility during 
voiding. In 1991, Imamura et al performed clinical surveys 
and urodynamic examinations in 25 untreated patients 
with HAM.” Although 4 cases (16%) were entirely aware 
of urinary symptoms, the onset of urinary symptoms pre- 
ceded other pyramidal symptoms in 6 cases (24%). All 
cases suffered from dysuria. The cause of dysuria was 
thought mainly to be detrusor-external sphincter dyssyner- 
gia, but in some cases underactive detrusor and poor open- 
ing of the bladder neck at voiding were also the causes. 

Again, in 1994, Imamura (1994) evaluated 50 patients 
with untreated HAM by urodynamic studies to clarify the 
nature of the urinary disturbance and to determine suit- 
able urologic treatment.” Both irritative and obstructive 
symptoms coexisted in the HAM patients. Thirty-eight 
percent of patients experienced urinary symptoms only 
throughout the affected period. The main cause of fre- 
quency was neurogenic detrusor overactivity during the 
filling phase, which was found in 58% of patients. 
However, decreased effective bladder capacity due to a 
large amount of residual urine was possibly another cause 
of frequency. DSD was the main cause of voiding symp- 
toms, but in some cases underactive detrusor at voiding 
phase was also present. Hydronephrosis was observed in 
only 5 kidneys, although as many as 30 out of 46 cases 
(65.2%) showed bladder deformities. Seventeen patients 
(34%) had urinary tract infection at the first visit. As the 
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activities of daily living deteriorated, the mean postvoid 
residual volume, incidence of detrusor hyperreflexia, and 
DSD were all increased. Medical treatment was effective to 
relieve subjective symptoms, but urodynamic examination 
did not necessarily confirm improvement. Intermittent 
catheterization was needed, and was successful in 64% of 
all cases. 

Walton and Kaplan presented urodynamic findings in 4 
females and 1 male with TSP. Of the 5 patients, 4 pre- 
sented with detrusor-external sphincter dyssynergia and 1 
had detrusor overactivity with coordinated sphincter 
contraction. 

Hattori et al reported the findings of voiding histories 
and urodynamic studies in 5 patients with HAM.” 
Histories showed that all patients had obstructive as well as 
irritative voiding symptoms, and symptoms were present 
from the onset of the disease in 4 patients. Urodynamic 
studies showed that 4 patients had residual urine (average 
170 ml), all had detrusor overactivity, and two had DSD. 
No patient had neurogenic changes in external urethral 
sphincter electromyography. The findings of supranuclear 
type of voiding dysfunction seemed to be in accordance 
with the known pathologic lesions of this disease. 

Matsumoto et al performed clinical and electrophysio- 
logic studies in 9 cases of HAM (7 females and 2 males).°° 
Spastic paraparesis and neurogenic bladder were present in 
8 patients and sensory disturbances were detected in only 4. 
The conduction velocities of the posterior tibial and sural 
nerves were reduced in 2 cases. Median nerve somatosen- 
sory nerve potentials (SSEP) revealed a delay of N11, N13, 
N14, and N20 peak latencies, and an increase of N9-N20, 
N13-N14, and N13—N20 interpeak latencies. The electro- 
physiologic studies are the most accurate indicators of the 
diffuse involvement not only of central motor and sensory 
pathways but also of the peripheral nervous system. 


Complications 


Lower urinary symptoms associated with HAM/TSP are 
common, but have been regarded as ‘neurogenic’ due to 
spinal involvements. However, in some cases, these symp- 
toms are persistent, progressive, and do not correlate 
directly with the severity of other neurologic symptoms of 
the lower spinal cord. These findings prompted Nomata et 
al to locate organic lesions in the lower urinary tract and to 
correlate them with HTLV-1 infection.*! Among 35 HAM 
patients with lower urinary symptoms, they found 4 cases 
with persistent and progressive symptoms, 3 with con- 
tracted bladder, and another with persistent prostatitis. 
Histologic or cytologic investigations indicated local lym- 
phocyte infiltrations in the lower urinary tract in all cases, 
with bladder infiltration in 3 cases and high lymphocyte 
concentration in expressed prostatic secretions in others. 
Of 3 cases whose urine samples were available, urinary 


concentration of anti- HTLV-1 IgA antibodies were signifi- 
cantly increased in 2 cases. The urinary IgA antibodies 
were not elevated in the third case, but the sample had been 
obtained after resection of the affected bladder. None of 
the control cases showed significant levels of anti- HTLV-1 
IgA antibodies in urine except for a case of gross hematuria 
due to chemotherapy for adult T-cell leukemia. The 
authors suggested inclusion of these processes into the 
spectrum of complications for HAM/TSP. The elevated 
level of anti- HTLV-1 IgA antibodies in the urine may be 
an indicator of these complications. There is a tendency 
for urinary dysfunction to become worse as the primary 
disease progresses. 


Treatment 


Idiopathic or HTLV-1 associated progressive spastic 
paraparesis does not have a clear treatment. Cartier et al 
assessed the effects of a medication containing cytidine 
monophosphate, uridine triphosphate, and vitamin B12 in 
the treatment of progressive spasticity.’ Patients with the 
disease were randomly assigned to receive Nucleus CMP 
forte (containing dysodium cytidine monophosphate 
5 mg, trisodium uridine triphosphate 3 mg, and hydroxy- 
cobalamin 2 mg) three times a day or placebo for 6 
months. Gait, spasticity, degree of neurogenic bladder, and 
somatosensitive evoked potentials were assessed during 
treatment. Forty-six patients aged 25 to 79 years old were 
studied: 24 were female and 29 were HTLV-1 positive. 
Twenty-two patients were treated with the drug and in the 
rest with placebo. Gait and spasticity improved in 7 of 22 
patients receiving the drug and in 1 of 24 receiving placebo 
(p <0. 05). Neurogenic bladder improved in 10 of 22 
receiving the drug and in 4 of 24 receiving placebo (NS). 
Somatosensitive evoked potentials improved in 4 of 7 
patients treated with the drug and in 2 of 7 treated with 
placebo. The medication resulted in a modest improve- 
ment in patients with progressive spastic paraparesis and 
was free of side-effects. 

Harrington et al used danazol for the treatment of 
urinary incontinence in tropical spastic paraparesis.** 

Saito et al reported 4 patients (3 females and 1 male) 
diagnosed by neurologists to have HAM with spastic gait 
disturbance and increased titer of anti- HTLV-1 antibod- 
ies.** They complained of urge incontinence, bed wetting, 
voiding difficulties, and/or frequency. Urodynamically, 
severe uninhibited detrusor contractions were observed in 
3 of them. On the other hand, in one case detrusor con- 
tractility during voiding was completely lost. Bladder sen- 
sation was well preserved in all patients. Corticosteroids 
and interferon could not improve their urologic symp- 
toms. CIC in 3 patients with a significant amount of 
postvoid residual urine volume relieved their urinary 
incontinence. The authors believed that HAM in patients 
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suffering from severe voiding disturbances is a good 
indication for CIC. 

Namima et al presented 2 case reports with HAM. 
Patient 1 (a 24-year-old female) had complained of slowly 
progressive urinary incontinence (since age 14) and gait 
disturbance (since age 18). Marked pyramidal disorder 
was observed, and anti-HTLV-1 antibodies (1:640) were 
present in her peripheral blood. She was diagnosed as hav- 
ing HAM. Repeated urodynamic studies revealed exacerba- 
tion of overactive bladder and DSD with progression of the 
disease. Patient 2 (a 48-year-old male) had complained of 
gait disturbance (since age 32) and progressive urinary 
hesitancy (since age 46). Physical examination revealed a 
significant pyramidal disorder. Anti- HTLV-1 antibodies 
(1:200) and ATL-like cells were present in his peripheral 
blood. He was diagnosed as having HAM. Voiding 
cystourethrography demonstrated an abnormal change of 
the bladder wall. Urodynamic studies revealed overactive 
bladder and marked DSD. Medications based on adreno- 
cortical steroids and urologic care have improved urinary 
symptoms, in both cases. 


Conclusions 


In summary, TSP is a spinal cord disorder caused by the 
retrovirus HTLV-1. Patients commonly have urinary 
symptoms that usually begin simultaneously with com- 
plaints of limb weakness. This process must be distin- 
guished from MS. Up to 80% of patients suffering from 
symptoms due to TSP are affected by detrusor-external 
sphincter dyssynergia (DESD). Thus, it seems justifiable 
that patients with TSP who have urinary symptoms are 
evaluated aggressively. These patients are at high risk for 
detrusor-external sphincter dyssynergia and they should 
undergo urodynamic evaluation before appropriate ther- 
apy is instituted. This is particularly true in men with TSP 
to prevent the potentially deleterious effects of untreated 
and unrecognized detrusor-external sphincter dyssynergia 
on the upper tract. Patients with HAM must be carefully 
followed by urologists in order to prevent deterioration of 
the urinary tract. 


Progressive multifocal 
leukoencephalopathy 


PML is an infectious demyelinating brain disease, caused 
by the JCV which is associated with significant morbidity 
and mortality in the immunocompromised host. 

The polyomaviruses BK virus (BKV), JC virus (JCV), 
and simian virus 40 (SV40) have been known to be 
associated with diseases in humans for over 30 years. 
BKV-associated nephropathy and JCV-induced progressive 


multifocal leukoencephalopathy (PML) were rare diseases 
for many years, occurring only in patients with underlying 
severe impaired immunity. Over the past decade, the use 
of more potent immunosuppression in transplantations 
and acquired immune deficiency syndrome (AIDS) have 
coincided with a significant increase in the prevalence of 
these viral complications. 

PML is an infectious demyelinating brain disease caused 
by JCV that is associated with significant morbidity and 
mortality in the immunocompromised host. It is a destruc- 
tive demyelinating infection which vitiates oligodendro- 
cytes. The dramatic increase in the incidence of PML that 
occurred as a consequence of the AIDS pandemic and the 
recent association of PML with the administration of 
natalizumab, a monoclonal antibody against 4 integrin 
that blocks entry of inflammatory cells into the brain, has 
stimulated a great deal of interest in this previously obscure 
viral demyelinating disease. The etiology of this disorder is 
JCV observed in 80% of the population world-wide. 
Seroepidemiologic studies indicate that infection with this 
virus typically occurs before the age of 20 years. No pri- 
mary illness owing to JCV infection has been recognized 
and the means of spread from person to person remains 
obscure. Following infection, the virus becomes latent in 
bone marrow, spleen, tonsils, and other tissues. Periodically 
the virus reactivates, during which time it can be demon- 
strated in circulating peripheral lymphocytes. The latter is 
significantly more commonly observed in immunosup- 
pressed populations compared to normal subjects. Despite 
the large pool of people infected with JCV, PML remains a 
relatively rare disease. It is seldom observed in the absence 
of an underlying predisposing illness, typically one that 
results in impaired cellular immunity. A variety of factors 
are likely responsible for the unique increase in the fre- 
quency of PML in HIV infection relative to other underly- 
ing immunosuppressive disorders. Preliminary data 
suggest that natalizumab appears to distinctively predis- 
pose recipients to PML relative to other infectious compli- 
cations. Studies in these populations will be invaluable in 
understanding the mechanisms of disease pathogenesis.*° 

Bartt et al, over a period of 6 years at the Gay Men’s 
Health Clinic in Sweden, used the polymerase chain reac- 
tion (PCR) to investigate approximately 400 cerebrospinal 
fluid samples from immunosuppressed individuals with 
neurologic symptoms for the presence of polyoma- 
viruses.” BKV and JCV establish latency in the urinary 
tract and can be reactivated in AIDS. JCV might cause 
PML, but although up to 60% of AIDS patients excrete 
BKV in the urine, there have been few reports of BKV- 
related renal and/or neurologic diseases. BKV could be 
demonstrated in the brain, cerebrospinal fluid, eye tissue, 
kidneys, and peripheral blood mononuclear cells. BKV 
DNA has, so far, only been found in one case. They also 
analyzed brain, eye tissue, cerebrospinal fluid, urine, and 
peripheral blood mononuclear cells by nested PCR for 
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polyomavirus DNA. Macroscopic and microscopic exami- 
nations were performed on renal and brain tissue obtained 
postmortem. Immunohistochemical staining for the 
two BKV proteins, the VP1 and the agnoprotein, was 
performed on autopsy material and virus-infected tissue 
culture cells. Although reports of BKV infections in the 
nervous system are rare, there is now evidence for its 
occurrence in immunocompromised patients and the 
diagnosis should be considered in such patients with 
neurologic symptoms and signs of renal disease. It is easy 
to verify and also important to establish this diagnosis 

Robinson et al reported a case of successful treatment 
with highly active antiretroviral therapy and cidofovir in 
an adolescent patient perinatally infected with HIV that 
caused PML.” Aksamit described PML in patients treated 
with natalizumab.” MRI imaging of the brain gives clues 
to the diagnosis, but is nonspecific in distinguishing MS 
from PML. Spinal fluid detection of JCV is specific, but has 
insufficient sensitivity. Associated immunosuppression is 
typically of the cell-mediated type but can be poorly 
defined on clinical grounds. It is apparent that natalizumab 
is a predisposing factor for the development of PML from 
the 3 cases of natalizumab-treated patients. There is no 
reliable presymptomatic way to detect PML or JCV infec- 
tion of the brain by virologic or imaging surveillance tech- 
niques. One patient with MS and natalizumab treatment 
has survived, indicating that withdrawal of antibody, pos- 
sibly in combination with antiviral therapy, may permit 
survival. However, immune reconstitution disease is a risk 
after immune restoration and withdrawal of natalizumab. 
PML deficits would be expected to be permanent. The esti- 
mated incidence of PML in natalizumab-treated patients is 
1 per 1000. The duration of natalizumab treatment may be 
an independent risk factor for the development of PML. 
PML, a usually fatal neurologic infection, should be con- 
sidered as a risk factor when using natalizumab. The treat- 
ment of MS patients with natalizumab is a matter of 
informed risk, individualized for each patient. Prophylactic 
and therapeutic interventions for human polyomavirus 
diseases are limited by our current understanding of poly- 
omaviral pathogenesis. Clinical trials are limited by the 
small numbers of patients affected with clinically signifi- 
cant diseases, the lack of defined risk factors and disease 
definitions, the lack of proven effective treatment, and the 
overall significant morbidity and mortality associated with 
these diseases.“ 


Lyme disease 
Etiology and epidemiology 


Lyme disease (LD) is an infection caused by Borrelia 
burgdorferi, the type of bacterium called a spirochete that 
is carried by deer ticks. Infected ticks can transmit the 


spirochete to humans and animals by its bites. Untreated, 
the bacterium travels through the bloodstream, gets into 
various body tissues, and can cause a number of symp- 
toms, some of which are severe. Lyme borreliosis is a 
multiorgan infection caused by spirochetes of the Borrelia 
burgdorferi sensu lato group with its species B. burgdorferi 
sensu stricto, B. garinii, and B. afzelii, which are transmitted 
by ticks of the species Ixodes. This multisystemic infection 
may cause skin, neurologic (including neurogenic blad- 
der), cardiac, or rheumatologic disorders. 

Manifestations of what we now call LD were first 
reported in the medical literature in Europe in 1883. Over 
the years, various clinical signs of this illness have been 
noted as separate medical conditions: acrodermatitis 
chronica atrophicans, lymphadenosis benigna cutis, 
erythema migrans, and lymphocytic meningoradiculitis 
(Bannwarth’s syndrome). However, these diverse manifes- 
tations were not recognized as indicators of a single infec- 
tious illness until 1975, when LD was described following 
an outbreak of apparent juvenile arthritis, preceded by a 
rash, among residents of Lyme, Connecticut. 

Lyme borreliosis caused by the spirochete B. burgdorferi 
is now the most common vector-borne disease in North 
America, Europe, and Asia. It is a potentially serious infec- 
tion, common in many countries of the world, but few data 
about its incidence, distribution, and clinical manifestations 
are available. Since very little is known about the clinical 
expression of Lyme borrleiosis in Western Europe, a 3-year 
prospective study was conducted by Attali et al, who studied 
the expression of this disease in northeastern France.*! This 
study included all patients seen for suspected Lyme borre- 
liosis at the Strasbourg University Hospital in northeastern 
France. The diagnosis was made on the basis of the presence 
of erythema migrans (EM) or on the basis of another sug- 
gestive clinical manifestation and laboratory confirmation. 
A total of 132 patients, 70 women and 62 men, mean age 54 
years, had Lyme borreliosis according to these criteria. 
Within this study group, 77% of the patients were regularly 
exposed to tick bites and 64% could remember one. EM, the 
most frequent clinical manifestation, occurred in 60% of 
the patients and was the only sign of Lyme borreliosis in 
40%. Lymphocytoma and acrodermatitis chronica atrophi- 
cans were rare (1 and 3 patients, respectively). Nervous sys- 
tem involvement (mainly radiculoneuropathy), the second 
most common clinical manifestation, was found in 40% of 
the patients and was the only sign of Lyme borreliosis in 
22%. Musculoskeletal involvement was present in 26% of 
the patients and was an isolated finding in 14%. During the 
study period, no patient was diagnosed with Lyme carditis. 
There was serologic evidence of Lyme borreliosis in 75% of 
the cases and direct evidence of borrelial infection in 10 
patients (7.5%). The results show that the clinical expres- 
sion of Lyme borreliosis in northeastern France is similar to 
that in other European countries, but different from that in 
North America. 
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Data on disease expression and epidemiologic character- 
istics of Lyme borreliosis in southeastern Europe are scarce. 
To reveal features of Lyme borreliosis in Bulgaria, clinical 
data and epidemiologic characteristics of 1257 patients 
reported between 1999 and 2002 were analyzed by 
Christova and Komitova.’” The most affected age group 
was 5-9 years, followed by 45—49 years, 50-54 years, and 
10-14 years. Most of the patients (68%) lived in a rural 
area or were attacked by ticks during activities in a rural 
area. Lyme borreliosis cases occurred throughout the year 
with two peaks — one in June and a second smaller one in 
September. The most common clinical manifestation was 
EM diagnosed in 868 (69.1%) of the patients. Rashes had a 
median diameter of 11 cm and were predominantly located 
on the lower extremities. Forty-four percent of the rashes 
consisted of homogenous erythema and 56% had central 
clearing. Multiple EM was detected in 4.3% of the EM 
cases. Neuroborreliosis including voiding disorders was the 
second most common presentation of Lyme borreliosis, 
and was diagnosed in 19% of the patients. Lyme arthritis 
was found in 8% of the patients. Cardiac and ocular 
manifestations were recorded in 1.1% and 0.9% of the 
patients, respectively. Borrelial lymphocytoma and acro- 
dermatitis chronica atrophicans were very rare (0.3%). 
Twenty-seven patients (2.1%) had multiple organ involve- 
ment. The results of the study show that epidemiology and 
clinical manifestations of Lyme borreliosis in Bulgaria are 
similar to those in the majority of European countries, but 
possess some distinguishing characteristics. 

In order to improve the notification in Germany, 6 of 
Germany’s 16 states — Berlin, Brandenburg, Mecklenburg- 
Vorpommern, Sachsen, Sachsen-Anhalt, and Thuringen — 
have enhanced notification systems, which include Lyme 
borreliosis. The efforts made in these states to monitor 
confirmed cases through notification are therefore an 
important contribution to the understanding of the epi- 
demiology of Lyme borreliosis in Germany. The report of 
Mehnert and Krause summarizes the analysis of Lyme 
borreliosis cases sent to the Robert Koch Institute during 
2002-03.“ The average incidence of Lyme borreliosis in 
the six East German states was 17.8 cases per 100000 peo- 
ple in 2002, which increased by 31% to 23.3 cases in 2003. 
Patient ages were bimodally distributed, with a peak 
incidence among children aged 5 to 9 years and elderly 
patients, aged 60 to 64, in 2002, and 65 to 69 in 2003. For 
both years, 55% of the patients were female. Around 86% 
of notified cases occurred from May to October. EM 
affected 2697 patients (89.3%) in 2002 and 3442 (86.7%) 
in 2003. For a vector-borne disease such as Lyme borre- 
liosis, the risk of infection depends on the degree and 
duration of contact between humans and ticks harboring 
B. burgdorferi. As infected ticks probably occur through- 
out Germany, it is likely that the situation in the remain- 
ing 10 German states is similar to that of the states in 
this study. 


Nygarg et al confirmed in their study that Lyme borre- 
liosis is also the most common tick-borne infection in 
Norway.“ All clinical manifestations of Lyme borreliosis 
other than EM are notifiable to Folkehelseinstituttet, the 
Norwegian Institute of Public Health. During the period 
1995-2004 a total of 1506 cases of disseminated and 
chronic Lyme borreliosis were reported. Serologic tests 
were the basis for laboratory diagnosis in almost all cases. 
Annual statistics showed no clear trend over the period, 
but varied each year between 120 and 253 cases, with the 
highest number of cases reported in 2004. Seventy-five per- 
cent of cases with information on time of onset were in 
patients who fell ill during the months of June to October. 
There was marked geographic variation in reported inci- 
dence rates, with the highest rates reported from coastal 
counties in southern and central Norway. Fifty-six percent 
of the cases were in males and 44% in females. The highest 
incidence rate was found in children aged between 5 and 9 
years. Neuroborreliosis was the most common clinical 
manifestation (71%), followed by arthritis/arthralgia 
(22%) and acrodermatitis chronica atrophicans (5%). 
Forty-six percent of patients were admitted to hospital. 
Prevention of borreliosis in Norway relies on measures to 
prevent tick bites, such as the use of protective clothing and 
insect repellents, and the early detection and removal 
of ticks. Antibiotics are generally not recommended for 
prophylaxis after tick bites in Norway. 


Symptoms 


LD presents as a multisystemic inflammatory disease that 
affects skin in its early, localized stage, and spreads to the 
joints, nervous system, and, to a lesser extent, other organ 
systems in its later, disseminated stages. Early symptoms of 
LD can be mild and easily overlooked. People who are 
aware of the risk of LD in their communities and who do 
not ignore the sometimes subtle early symptoms are most 
likely to seek medical attention and treatment early enough 
to be assured of a full recovery. The first symptom is usu- 
ally an expanding rash (EM) which is thought to occur in 
80 to 90% of all LD cases. 

As the LD spirochete continues disseminating through 
the body, a number of other symptoms including severe 
fatigue, a stiff aching neck, and peripheral nervous system 
involvement such as tingling or numbness in the extremi- 
ties or facial palsy (paralysis) can occur. 

The more severe, potentially debilitating symptoms of 
later stage LD may occur weeks, months, or in a few cases 
years after a tick bite. These can include severe headaches, 
painful arthritis and swelling of joints, cardiac abnormali- 
ties, and central nervous system involvement leading to 
cognitive (mental) disorders. 

The following is a checklist of common symptoms seen 
in various stages of LD: 
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e Localized early (acute) stage: solid red or bull’s-eye rash, 
usually at the site of the bite, swelling of lymph glands 
near the tick bite, generalized aches, and headache. 

e Early disseminated stage: two or more rashes not at the 
site of the bite, migrating pains in joints/tendons, 
headache, stiff aching neck, facial palsy (facial paralysis 
similar to Bell’s palsy), tingling or numbness in extrem- 
ities, multiple enlarged lymph glands, abnormal pulse, 
sore throat, changes in vision, fever of 100—102°F, 
severe fatigue. 

e Late stage: arthritis (pain/swelling) of one or two large 
joints, disabling neurologic disorders (disorientation, 
confusion, dizziness, short-term memory loss, inability 
to concentrate, finish sentences, or follow conversa- 
tions; mental ‘fog’), numbness in arms/hands or 
legs/feet. 


It was observed that the urinary tract may be involved in 
two respects in the course of LD: (1) voiding dysfunction 
may be part of neuroborreliosis and (2) the spirochete may 
directly invade the urinary tract. Several neurologic mani- 
festations of LD, both central and peripheral, have been 
described. Associated neurologic symptoms fall broadly 
into three syndromes: (1) encephalopathy, (2) polyneu- 
ropathy, and (3) leukoencephalitis. 

Common skin manifestations of Lyme borreliosis 
include EM, lymphocytoma, and acrodermatitis chronica 
atrophicans. The last two conditions are usually caused by 
B. garinii and B. afzelii, respectively, which are seen more 
frequently in Europe than in America. Late extracutaneous 
manifestations of Lyme borreliosis are characterized by 
carditis, neuroborreliosis, and arthritis.” 


Diagnostic methods 


Laboratory testing of Lyme borreliosis includes culture, 
antibody detection using ELISA with whole extracts or 
recombinant chimeric borrelia proteins, immunoblot, and 
PCR with different levels of sensitivity and specificity for 
each test. 

The EM rash, which may occur in up to 90% of reported 
cases, is a specific feature of LD, and treatment should 
begin immediately. Even in the absence of an EM rash, 
diagnosis of early LD should be made solely on the basis of 
symptoms and evidence of a tick bite, not blood tests, 
which can often give false results if performed in the first 
month after initial infection (later on, the tests are consid- 
ered more reliable). If early symptoms are undetected or 
ignored it is recommended to use the ELISA and Western 
blot blood tests. These tests are considered more reliable 
and accurate when performed at least a month after initial 
infection, although no test is 100% accurate. 

If neurologic symptoms or swollen joints are present, in 
addition a PCR test via a spinal tap or withdrawal of 


synovial fluid from an affected joint can be performed. 
This test amplifies the DNA of the spirochete and will 
usually indicate its presence. 

The aims of the thesis presented by Lebech** were: (1) to 
develop a PCR assay for direct detection of B. burgdorferi 
DNA and to evaluate the diagnostic utility of PCR in clini- 
cal specimens from patients with Lyme borreliosis, and (2) 
to study the taxonomic classification of B. burgdorferi iso- 
lates and its implications for epidemiology and clinical 
presentation. Laboratory diagnosis of Lyme borreliosis by 
direct demonstration of B. burgdorferi in clinical specimens 
compared to current serology would allow (1) optimal 
specificity, (2) increased sensitivity during the first weeks of 
infection, when the antibody response is not yet detectable, 
and (3) discrimination between ongoing and past infec- 
tion.“ Due to the extreme paucity of spirochetes in clinical 
specimens, neither in-vitro culture nor antigen detection 
had yielded a sufficient diagnostic sensitivity. The recently 
introduced highly sensitive PCR methodology was thus 
employed. Assays for PCR amplification and subsequent 
identification of B. burgdorferi-specific sequences were 
established and used. For all assays the analytic sensitivity 
was a few genome copies using purified DNA as template. 

The efficacy of PCR was initially evaluated using tissue 
samples from experimentally infected gerbils in order to 
start with biological samples a priori known to contain B. 
burgdorferi. B. burgdorferi DNA was detectable in 88% of 
the specimens. Thus the diagnostic sensitivity of PCR was 
comparable to and even higher than in-vitro culture. PCR 
was significantly more sensitive than in the histologic B. 
burgdorferi-specific immunophosphatase staining method. 
PCR was then used to identify B. burgdorferi DNA in skin 
biopsies from 31 patients with EM. The sensitivity of PCR 
was 71%, which was superior to culture and serology. 
Based on our own and other published results there is clear 
evidence for PCR being the most sensitive and specific test 
for detection of B. burgdorferi in skin biopsies from 
patients with both early and late dermatoborreliosis. 
However, since the clinical diagnosis of dermatoborreliosis 
is, in most instances, straightforward, an invasive proce- 
dure such as skin biopsy will only be justified in patients 
with an atypical clinical presentation. 

The most frequent and serious manifestation of dissem- 
inated Lyme borreliosis is neuroborreliosis. PCR was used 
in 190 patients with untreated and confirmed neuroborre- 
liosis and B. burgdorferi DNA was detectable in 17-21% of 
CSF samples. In patients with very early neuroborreliosis 
(<2 weeks), still negative for specific intrathecal antibody 
synthesis, a positive PCR was more frequent than in 
patients with a longer disease duration. PCR can be used as 
a diagnostic aid in these patients. However, in general the 
measurement of specific intrathecal antibody production 
in patients with neuroborreliosis was superior to PCR. 

In urine samples from patients with Lyme borreliosis the 
diagnostic sensitivity varied, generally showing a low 
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reproducibility. Urine is thus not regarded as a suitable 
sample source for B. burgdorferi PCR. The reason may be 
the variable presence of Taq polymerase inhibitors. Based 
on a semiquantitative detection system for amplicons, 
reflecting the input amount of specific DNA and thus the 
density of spirochetes in the clinical samples, high levels of 
DNA were found in skin biopsies, whereas in urine the 
DNA levels were low. 

When Lebech’s present study*® was initiated there was 
no accepted classification of B. burgdorferi. Heterogeneity 
among B. burgdorferi strains might have important 
implications for understanding the epidemiology and dif- 
ferent clinical presentations (dermatoborreliosis versus 
neuroborreliosis) and courses (self-limiting versus chronic 
disease). Furthermore, strain differences are of importance 
in the selection of suitable antigens for diagnostic assays 
and for vaccine development. Since then, B. burgdorferi 
isolates have been studied by phenotypic and genotypic 
traits and have been shown to be highly heterogeneous. 
The first approach of Lebech* was to genotype a panel of 
human B. burgdorferi isolates by restriction fragment 
length polymorphism (RFLP) of three genes. Thereafter, 
sequencing and dideoxy fingerprinting of ospA was 
applied. By RFLP the strains could be differentiated into 
two to five groups. The RFLP classification was compared 
with four different phenotypic and genotypic methods, 
including the rRNA typing. Results obtained with the dif- 
ferent methods correlated highly and confirmed the taxo- 
nomic classification by Baranton et al. 4” According to this, 
the term B. burgdorferi sensu lato comprises three different 
human pathogenic genospecies — B. burgdorferi sensu 
stricto, B. garinii, and B. afzelii. All three genospecies have 
been isolated among Danish patients with Lyme borrelio- 
sis and are thus prevalent in Denmark. Since the isolation 
of B. burgdorferi from patients with Lyme borreliosis is 
laborious and often unsuccessful, molecular typing meth- 
ods based on PCR are recommended to obviate the need 
for isolation by prior culture. It was of particular interest to 
study the possible association of neuroborreliosis with cer- 
tain B. burgdorferi genospecies, indicating species-depen- 
dent organotropism. By RFLP all six CSF isolates tested 
belonged to B. garinii, and 6 out of 7 isolates from patients 
with acrodermatitis chronica atrophicans belonged to B. 
afzelii. Due to the low culture yield of B. burgdorferi from 
CSE, the association of B. garinii and neuroborreliosis was 
further studied by sequence analysis and dideoxy finger- 
printing analysis of ospA PCR amplicons obtained from 
CSF samples from patients with neuroborreliosis. 
Phylogenetic analysis showed that, in 11 out of 13 patients 
B. garinii DNA was found in CSF. These data strongly sup- 
port the hypothesis that B. garinii is the principal agent of 
Lyme neuroborreliosis in Europe. Similarly it was shown 
that B. afzelii is associated with acrodermatitis chronica 
atrophicans and thus dermatoborreliosis. Due to a strain 
dependent selection pressure in culture, only PCR-based 


methods can be used to determine whether mixed infec- 
tions occur in patients. Our data indicate that mixed infec- 
tions in humans are likely to be rare. 

Schwan et al experimentally infected white-footed mice, 
Peromyscus leucopus, in the laboratory with B. burgdor- 
feri” The mice were infected by intraperitoneal or subcu- 
taneous inoculation, or by tick bite, attempts were then 
made to culture spirochetes from the urinary bladder, 
spleen, kidney, blood, and urine. Spirochetes were most 
frequently isolated from the bladder (94%), followed by 
the kidney (75%), spleen (61%), and blood (13%). No 
spirochetes were isolated from the urine. Tissue sectioning 
and immunofluorescence staining of the urinary bladder 
demonstrated spirochetes within the bladder wall. The 
results demonstrate that cultivation of the urinary bladder 
is a very effective means to isolate B. burgdorferi from 
experimentally infected white-footed mice and that culture 
of this organ may be productive when surveying wild 
rodents for infection with this spirochete. 

Druschky et al reported the case of a 57-year-old patient 
suffering from the typical symptoms of normal pressure 
hydrocephalus (NPH), including gait disturbance, urinary 
incontinence, and mental deterioration.’? CSF analysis 
established the diagnosis of chronic active Lyme neurobor- 
reliosis with lymphocytic pleocytosis and intrathecal B. 
burgdorferi antibody production. After several weeks of iv 
antibiotic treatment the CSF parameters normalized and 
there was a clear improvement in clinical symptoms so that 
surgical shunting was no longer indicated. Interference 
with the subarachnoid CSF flow may be a possible cause of 
the observed symptomatic NPH in a patient with chronic 
Lyme neuroborreliosis. 

Pavia et al showed the efficacy of an evernimicin 
(SCH27899) in vitro and in an animal model of Lyme dis- 
ease.” The minimal inhibition concentrations (MICs) of 
evernimicin at which 90% of B. burgdorferi patient isolates 
were inhibited ranged from 0.1 to 0.5 ug/ml. Evernimicin 
was as effective as ceftriaxone against B. burgdorferi in a 
murine model of experimental Lyme disease. As assessed by 
culturing the urinary bladders of infected C3H mice, no live 
Borrelia isolates were recoverable following antibiotic treat- 
ment. These authors also collected 34 small mammals in the 
vicinity of Ljubljana and tested them for the presence of B. 
burgdorferi sensu lato by PCR of urinary bladder tissues, 
using universal flagellin primers and species-specific rRNA 
primers. Seventeen small mammals (50%) were found to be 
positive and 7 small mammals were infected with two 
species of B. burgdorferi sensu lato simultaneously. The most 
commonly found species was B. afzelii (n = 14), followed by 
B. burgdorferi sensu stricto (n = 7) and B. garinii (n = 3), as 
determined by species-specific primers. They concluded 
that PCR is a rapid and reliable method to detect infection 
with B. burgdorferi sensu lato in small mammals.” 

Since the possibility of asymptomatic infection with B. 
burgdorferi has been suggested by positive serology found 
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in healthy subjects, others have hypothesized that these 
subjects might excrete borrelial DNA sequences in urine, as 
happens in patients with Lyme borreliosis. Borrelial 
sequences have been found by nested PCR in the urine 
samples from 3 of 13 healthy B. burgdorferi antibody posi- 
tive adults, but not in urine samples from 79 antibody- 
negative healthy controls. Following doxycycline therapy, 
urine samples were repeatedly negative for B. burgdorferi 
DNA. It seems that urinary excretion of borrelial DNA 
sequences may occur in seropositive healthy subjects 
during asymptomatic infection. Demonstration of such 
sequences in urine must be interpreted cautiously and may 
not necessarily prove a borrelial cause of disease. 

The studies of Czub et al have demonstrated that the 
urinary bladder is a consistent source for isolates of B. 
burgdorferi, from both experimentally infected and natu- 
rally exposed rodents.*! They examined histopathologic 
changes in the urinary bladder of different types of rodents 
experimentally infected with Lyme spirochetes, including 
BALB/c mice (Mus musculus), nude mice (M. musculus), 
white-footed mice (Peromyscus leucopus), and grasshopper 
mice (Onychomys leucogaster). Animals were inoculated 
intraperitoneally, subcutaneously, or intranasally with low- 
passaged spirochetes, high-passaged spirochetes, or phos- 
phate-buffered saline. At various times after inoculation, 
animals were killed and approximately one-half of each 
urinary bladder and kidney were cultured separately in 
BSK-II medium, while the other half of each organ was 
prepared for histologic examination. Spirochetes were cul- 
tured from the urinary bladder of all 35 mice inoculated 
with low-passaged spirochetes while we were unable to 
isolate spirochetes from any kidneys of the same mice. The 
pathologic changes observed most frequently in the uri- 
nary bladder of the infected mice were the presence of lym- 
phoid aggregates, vascular changes, including an increase 
in the number of vessels and thickening of the vessel walls, 
and perivascular infiltrates. Our results demonstrate that 
nearly all individuals (93%) of the four types of mice 
examined had a cystitis associated with spirochetal infec- 
tion. The heart can also be severely affected in humans 
with Lyme disease, causing conduction defects and, rarely, 
heart failure. Although immunodeficient and young mice 
may develop cardiac lesions, cultivation of B. burgdorferi 
from cardiac tissues of experimentally infected animals has 
not been previously reported. 

Goodman et al infected Syrian hamsters with B. 
burgdorferi 297 and found marked tropism of the spiro- 
chete for myocardial and urinary tract tissues.*** Fifty-six 
of 57 hearts (98%) and 52 of 58 bladders (90%) were 
culture positive. The cardiac infection was persistent and 
could be documented in 21 of 22 hearts (96%) cultured 
from days 28 to 84 postinfection. The urinary tract was also 
a site of persistent infection in most animals, with 18 of 23 
bladders (78%) being culture positive from days 28 to 84. 
The persistence of spirochetes was specific for the heart 


and bladder, as indicated by negative cultures of specimens 
from the liver and spleen, in which only 1 of 23 cultures 
was positive from days 28 to 84. Because of the high isola- 
tion rates, tropism, and persistence that we found for B. 
burgdorferi in the hamster heart and bladder, these sites 
will be useful and important for the cultivation of spiro- 
chetes in experimental studies that evaluate the efficacies of 
both candidate vaccines in preventing infection and of 
antibiotics in eradicating organisms from privileged sites. 
In addition, the clear demonstration of persistent cardiac 
infection with B. burgdorferi may provide a useful model 
for studying the pathogenesis of cardiac Lyme disease. 

Chancellor et al described patients with neuroborreliosis 
who also had lower urinary tract dysfunction.*+° 
Urodynamic evaluation revealed neurogenic detrusor 
overactivity or detrusor acontractility. Neurologic and 
urologic symptoms in all patients were slow to resolve and 
convalescence was protracted. 

Aberer et al reported the case of a 38-year-old male 
patient with coexisting acrodermatitis chronica atrophi- 
cans, lichen sclerosus et atrophicus, and recurrent diabetic 
metabolic disorders since 9 years of age.” Serologically, 
IgG antibodies against B. burgdorferi could be detected. 
Structures, morphologically resembling borreliae, could 
be demonstrated in the urine sediment by dark field 
microscopy. Additionally a tubulointerstitial nephritis was 
diagnosed by the presence of dysmorphic hematuria, 
pathologic polyacrylamide gel electrophoresis, and raised 
o,- and B,-microglobulin in the urine. The authors sug- 
gested that the excreted spirochete-like structures were 
borreliae, which may be the putative infectious agent for 
the development of lichen sclerosus et atrophicans in the 
genital area. 


Treatment 


Early treatment of LD (within the first few weeks after ini- 
tial infection) is straightforward and almost always results 
in a full cure. Treatment begun after the first 3 weeks will 
also likely provide cure, but the cure rate decreases the 
longer treatment is delayed. 

Doxycycline, amoxicillin, and ceftin are the three oral 
antibiotics most highly recommended for treatment of all 
but a few symptoms of LD. A 4-week course of oral doxycy- 
cline is just as effective in treating late LD, and much less 
expensive, than a similar course of intravenous ceftriaxone 
(Rocephin) unless neurologic or severe cardiac abnormali- 
ties are present. If these symptoms are present, the study rec- 
ommends immediate intravenous treatment. Conservative 
bladder management including CIC guided by urodynamic 
evaluation is recommended. Chancellor et al published the 
first report of urinary retention as the initial clinical presen- 
tation of Lyme disease. Paralysis and urinary retention 
resolved with intravenous ceftriaxone treatment.” 
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Olivares et al reported a case of ATM related to Lyme 
neuroborreliosis that presented with isolated acute urinary 
retention and no lower extremity impairment.” This case, 
documented by urodynamic and electrophysiologic inves- 
tigations, partially resolved after 6 weeks of intravenous 
ceftriaxone, affording removal of the indwelling catheter. 
Alpha-blocker therapy was needed for 3 months, until 
complete normalization of urodynamic and electrophysio- 
logic findings. This case study indicates that whenever uri- 
nary retention is encountered, either associated with ATM 
or alone, the patient should be investigated for LD. 
Relapses of active LD and residual neurologic deficits are 
common. Urologists practicing in areas endemic for LD 
need to be aware of B. burgdorferi infection in the differen- 
tial diagnosis of neurogenic bladder dysfunction. 

Taylor et al emphasized that Lyme borreliosis is the most 
common tick-borne bacterial infection and that incidence 
is increasing in parts of Europe and the USA.” They sug- 
gested a prompt antimicrobial therapy using oral agents 
such as doxycycline or amoxicillin, which is successful in 
more than 90% of patients. Inadequate penetration of oral 
agents into the CNS may result in the development of overt 
neuroborreliosis. The parenteral agent ceftriaxone is the 
drug of choice for severe acute and chronic infections, due 
to its good penetration into the CSF, convenient single 
daily dosage regimen, and proven high efficacy in clinical 
trials involving a wide variety of disseminated infections. 
Regardless of the therapeutic agent, there appears to be a 
small minority of patients (<10%) who do not respond. 
Such cases may be due to long-term persistence of borrelial 
cysts and to misdiagnoses based solely on seropositivity. 
Several adjunct therapies are available, including hyper- 
baric oxygen therapy and immune system supplements, 
but clinical trials have yet to be conducted. If diagnosed 
and treated early with antibiotics, LD is almost always 
readily cured. Generally, LD in its later stages can also be 
treated effectively; however, because the rate of disease pro- 
gression and individual response to treatment vary from 
one patient to another, some patients may have symptoms 
that linger for months or even years following treatment. 
In rare instances, LD causes permanent damage. 
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Cerebrovascular accidents, intracranial tumors, 
and urologic consequences 


Christopher E Wolter, Harriette Scarpero, and Roger Dmochowski 


Introduction 


Intact cerebral cortical function is crucial for normal 
voiding function and urinary continence. Cerebrovascular 
accidents (CVAs) and intracranial tumors are the most 
common processes that will alter normal higher cortical 
function and normal micturition. These disease entities 
and their subsequent effects on urinary tract function 
therefore are clinically important to urologists. 

For practical purposes, these two disease processes will 
be dealt with together as they commonly manifest in simi- 
lar ways. Clinical evidence suggests that CVAs, or strokes, 
and their effects on micturition, are commonly associated 
with voiding dysfunction, while data relating to intracra- 
nial masses are more sparse. Herein, this chapter will focus 
on the lesion location and its consequences, regardless of 
the underlying etiology. 

The most pressing urologic consequence of cortical dis- 
ease is voiding dysfunction, usually inclusive of urinary 
incontinence, urinary frequency, and often (although not 
universally) urinary urgency. While incontinence is the 
most common and disruptive concern, patients with acute 
intracranial lesions can also be found to be in urinary 
retention, especially in the acute phase of an event. In addi- 
tion, there can be an element of sexual dysfunction present 
from cortical lesions. Genitourinary dysfunction arising 
from acute intracranial lesions is commonly complicated 
by the patient’s premorbid level of functioning. The pre- 
and postmorbid voiding dysfunction poses a serious diag- 
nostic and therapeutic challenge to those who treat and 
manage this patient population. 


Incidence 


Approximately 700000 CVAs occur in the United States 
each year. Of these, about 500 000 are initial episodes, and 
the balance are recurrent strokes. This equates to one 


stroke occurring every 45 seconds.' Of those who suffer a 
CVA, about one-third will die from the acute event, 
another third will require long-term rehabilitation, and the 
rest will return to their homes, some at their previous level 
of function eventually. More specifically, of the survivors, 
10% will have no residual effects, 40% will have mild 
disability, 40% will have significant disability, and 10% 
will require nursing home care. Additionally, CVA is the 
number one cause of disability in adults.” CVA is the third 
leading cause of death in the United States, following heart 
disease and cancer.’ 

With the population as a whole increasing in age, the 
cumulative number of post-CVA patients is expected to 
increase in the future. It has been estimated that there are 
roughly 3 800 000 stroke survivors currently alive in North 
America. In addition to the disease burden that CVA poses, 
there are serious healthcare cost implications. Estimates 
range up to $40 billion annually in the United States.* 
Despite declining mortality rates, the accumulation of sur- 
vivors leaves a large number of individuals needing post- 
stroke care.’ 

There are several risk factors associated with CVAs. The 
most common etiologies include: age, hypertension, dia- 
betes, hypercholesterolemia, tobacco abuse, obesity, alco- 
hol consumption, and stress, with age being the highest 
independent risk factor.” Two primary mechanisms 
account for stroke-related phenomena: occlusive lesions, 
either embolic or thrombotic, and hemorrhagic lesions, 
produced from trauma or vascular malformation. 

The resulting ischemia and/or mass effect from these 
insults produce the signs and symptoms that comprise a 
stroke. The pathophysiology of micturition disturbance 
after CVA involves two separate mechanisms. First, there is 
decreased sensation or awareness of bladder filling, which 
would normally lead to a desire to micturate. Second, 
damage to higher cortical centers, especially in the frontal 
lobe, leads to inability to suppress a bladder contraction, 
sometimes leading to incontinence. Therefore, either 
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bladder overflow due to incomplete emptying or detrusor 
overactivity produce voiding dysfunction after cortical 
events.’ 

A diagnostic dilemma can often present itself in the 
poststroke patient with urinary incontinence. Prostatic 
disorders, overactive bladder, and stress incontinence are 
all commonly seen in this patient population and may 
obfuscate the clinical presentation. Daily urinary inconti- 
nence in the general population under the age of 65 can be 
as high as 1 in 20, and this increases to 1 in 12 over the age 
of 75.° Overall, the prevalence of incontinence in the gen- 
eral population is estimated to be 6%; in older people it 
can range from 11% to 29%. This compares to rates rang- 
ing from 12% to 79% in the stroke population, depending 
on the time after onset of stroke.’ Also, the incidence of 
uninhibited detrusor contractions in the elderly is 10% in 
women and 25% to 35% in men,’ further complicating 
the presentation. 


Presentation 


Urinary retention may be the first event to occur after a 
CVA. The exact mechanism is not clear but has been 
termed ‘cerebral shock’. Retention may not necessarily be 
a direct result of the neurologic lesion itself, but rather 
from the impaired consciousness, immobility, and inabil- 
ity to communicate the need to void, with resultant 
overdistention of the bladder and failure to void.’ This 
lack of appreciation of bladder events appears to be more 
commonly associated with certain cortical insults. Burney 
et al also showed a high incidence of retention and 
areflexia (85%) in patients with hemorrhagic CVAs. The 
authors were unable to explain these findings, however 
these more serious events and large infarcts could 
contribute to stroke sequelae leading to retention.’ 
Premorbid detrusor dysfunction or concomitant medica- 
tions may also cause and/or contribute to retention in the 
acute setting.'° 

In a prospective study, the rate of urinary retention was 
29% at 13 days after CVA." In these patients, there was a 
higher rate of diabetes, cognitive impairment, aphasia, and 
decreased functional status. The retention resolved in 96% 
of the patients within 2 months after discharge. These 
results should be contrasted to other studies where the rate 
of retention seen at 72 hours was 47%, and 21% at 3 
weeks.”!° Thus, there appears to be a decrease in the rate of 
urinary retention after the onset of acute CVA over time. 

Incontinence can also be seen in the acute phase. 
Additionally, mixed detrusor overactivity and incomplete 
emptying have also been reported after acute cortical 
events. These findings are partially dependent on the pre- 
morbid urinary function of the patient and the overall size 
of the stroke and affected area of the brain. 


Incontinence and stroke 


Over time, after the retention resolves, not all patients 
return to normal voiding. There appears to be an evolution 
from retention to a more fixed dysfunction, usually mani- 
fested by urinary urgency, frequency, and urinary inconti- 
nence. These findings have been attributed to detrusor 
overactivity in clinical series. As mentioned previously, the 
prevalence of incontinence in stroke patients can vary 
widely. For example, frequency and urgency with urge 
incontinence was seen in 67% of patients at an average of 
19 months after CVA.” 

Other studies have evaluated the occurrence of inconti- 
nence at various times after stroke. Overall the trend falls 
from the upward rate of 79% in elderly patients (over 75) 
in the more acute setting,” to a rate of 25% to 28% at 
discharge,° to a low of 12% several months postCVA." 
Although the incidence of incontinence may decrease with 
time, there are still a significant number of patients with 
abnormal and chronic storage and voiding parameters. 

Incontinence is a major predictive factor in the overall 
health quality outcome of CVA patients. It is a prognostic 
indicator for both mortality and for quality of life. The 
mortality rate for continent patients in the first few days 
after a CVA is much lower than in those with incontinence. 
Patients with incontinence had a 52% mortality rate at 6 
months, whereas those who remained continent experi- 
enced a 7% mortality rate." In another series, at 1 year 
poststroke, the relative risk of death was 3.9 (95% confi- 
dence interval, 1.4—10.6) in subjects with incontinence, 
and was significantly higher than for patients without 
incontinence.'° 

Patel et al evaluated stroke patients with incontinence 
within 7 days of CVA onset. Of the 511 subjects, the rate of 
incontinence was 39% in this period. The mortality rate of 
these patients at 3 months was 32%. The functional status 
and institutionalization rate of those who survived were 
compared between the continent and incontinent groups. 
The group that regained continence (127/207 patients) had 
overall better functional status and a lower institutional- 
ization rate than those who remained incontinent.” The 
presence of incontinence is an indicator of a more severe 
CVA, and thus patients with this can be expected to have 
worse overall outcomes. 

Pettersen et al assessed the types of urinary incontinence 
and how these related to outcomes in CVA patients. An 
assessment of 315 patients with acute stroke, including 
mental status and functional testing, and frequent checks 
of urinary symptoms, was performed in this study. These 
evaluations were repeated at 3 months. Those with 
impaired awareness were found to have the poorest out- 
comes, and the least improvement in urinary function at 3 
months.'* The authors attributed this impairment in 
awareness to anosognosia, which is an unawareness or 
denial of a neurologic deficit. Other studies have attributed 
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anosognosia to more severe overall disability, and this find- 
ing is an independent predictor in these patients.'® 

That decreased awareness of self and basic needs (for 
example, hygiene) leads to worse outcome seems intuitive, 
yet this finding is consistent in postCVA patients. This is 
not an all-or-none phenomenon in CVA patients, but 
rather a continuum of decreased awareness from mild to 
complete neglect.'* Patients with any degree of self-neglect 
have worse attention deficits and are more functionally 
impaired than those without neglect.”° When patients with 
a CVA develop neglect as a consequence, their inability to 
recognize basic needs, such as the need to void and per- 
form hygiene, adds to their overall disability, and leads to a 
worse outcome than those in whom these executive func- 
tions are intact. Executive functions are those that are 
involved in planning and initiating complex activities, such 
as voiding. These functions are strongly related to basic 
and essential activities of daily living.” So, when a patient 
does not sense that his bladder is full until the sudden 
onset of voiding, the event can be characterized as urge, but 
may more so reflect the lack of recognition by the patient. 
Further, this finding probably indicates a more severe 
CVA.!8 

Indeed, urinary symptoms also play a major role in the 
quality of life and overall wellbeing of patients after stroke. 
In a population based study by Brittain et al, 10000 com- 
munity members underwent evaluation for the incidence of 
stroke and urinary symptoms.’ When specifically evaluat- 
ing incontinence, the authors found that 64% of the stroke 
survivors had lower urinary tract symptoms. Of these, 49% 
had nocturia, 33% had incontinence, 19% had urgency, 
15% had frequency, 3.5% had straining, and 2.5% had pain. 
There was significant overlap of symptoms among the 
patients. Overall, the more severe the patients self-rated 
their symptoms, the greater degree of disability and nega- 
tive effect on quality of life was identified. These subjects 
also had greater difficulty with activities of daily living.’ 

In addition to worse outcomes, the presence of inconti- 
nence after a CVA can also predict impaired recovery in 
these patients. In a study by Turhan et al, the presence of 
poststroke incontinence was evaluated and found to be an 
important negative predictive factor in recovery from 
stroke from a functional standpoint, though it did not 
affect length of stay in a rehabilitation unit.” This finding 
of impaired functional recovery with incontinence after 
CVA has been supported in several other studies as 
well, 1723-26 

Incontinence can cause a loss of up to 11 hours per week 
of therapy in patients in an inpatient rehabilitation set- 
ting.” In a study by Eldar et al, patients with incontinence 
in an inpatient rehabilitation setting were assessed.” In the 
study population, at an average of 38 days postCVA, the 
incontinence rate was 24% on admission. Of these 
patients, a significantly longer rehabilitative stay (114 days) 
was found as compared to those who were continent 


(91 days). Also, 20% of the incontinent patients regained 
continence at 6 weeks, and 25% at discharge. 

Looking at the functional independence measure 
(FIM),” those who regained continence had a higher FIM 
physical score at admission, though their FIM cognitive 
scores were similar to those who remained incontinent. 
This seems to indicate that in a rehabilitation setting, phys- 
ical function is important for regaining continence. At 6 
months’ follow-up, the continence rate rose to 55%.’” This 
continued improvement in continence over time has been 
seen previously, with 42% of patients being incontinent at 
4 weeks, and the rate dropping to 20% at 6 months. 

There are also morale and social issues regarding incon- 
tinence in postCVA patients. Depression is a common find- 
ing in the poststroke population and appears to be related 
to the level of disability seen. It is also a factor affecting 
functional and social outcomes” in stroke patients. Since 
patients who remain continent or regain continence after 
stroke have better outcomes than those who do not, it has 
been suggested that recovery of continence improves 
morale and self-esteem among these patients and may even 
expedite recovery. From a social standpoint, the rate of 
institutionalization after stroke is much higher if inconti- 
nence is present. In one large study, the rate of patients 
returning home from rehab after a CVA was 79% if they 
were continent, and dropped to 45% if they were not.*! 
Incontinent patients had lower emotional wellbeing, more 
stroke-related symptoms, and less satisfaction with their 
reintegration into home and society.’ Incontinence can 
also affect the home family members and caregivers of 
stroke patients. In a study where predominantly female 
caregivers were given questionnaires to identify their well- 
being, the subjects scored below acceptable levels for both 
emotional distress and anger.” The presence of inconti- 
nence may also lead to caretakers seeking nursing home 
placement for these patients.** 

In summary, incontinence is acommon and very impor- 
tant problem in patients who suffer a CVA. Incontinence 
portends a higher mortality rate and more severe physical 
and mental dysfunction. While recovery of continence can 
be seen, there are still a significant number of patients with 
residual micturition disturbances afterwards, and this dis- 
ability can hamper their recovery. Finally, incontinence 
after a CVA can affect the morale, social placement, and 
caregivers of the patient. 


Neuroanatomy and imaging 


When a CVA occurs, it can disrupt the complex interac- 
tions in the central nervous system that regulate voiding. 
The bladder’s main functions are to store and empty urine. 
This is under control at several levels: the cerebral cortex 
(suprapontine), the pons, and at the spinal level. The 
pontine micturition center is where regulation and 
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coordination of voiding occurs.” During normal storage, 
there is a net inhibitory effect of the central nervous system 
on the detrusor, and the external sphincter is closed. When 
the need to void is sensed, the central nervous system 
‘allows’ the urethral sphincter to relax, the detrusor to con- 
tract reflexively, and voiding is initiated. This is an overly 
simplified view of this, but disturbances at the level of the 
CNS (CVA, tumor) cause a significant breakdown in this 
normal control. 

With the loss of the main inhibitory input, especially the 
frontal lobes, the net result is usually a hyperreflexic detru- 
sor, which results in clinical overactivity and urge inconti- 
nence.*° There are several complex interactions in the 
central nervous system that all contribute to normal void- 
ing function, and it is important to gain an understanding 
of this in order to see how lesions in the CNS such as CVAs 
and tumors can affect voiding. In a review by Kavia et al, 
the various regions of the brain and their activity during 
the micturition cycle are thoroughly described.*” 

As mentioned before, central regulation and control of 
voiding occurs in the pons. More specifically, this occurs in 
the pontine micturition center. This was the first structure 
to be shown to control micturition and was first described 
by Barrington in 1921.*” This area is also known as the 
‘M-regior from animal studies, as it is medially located, and 
is essential in the regulation of voiding.’ A homologous 
region exists in humans in the dorsal pontine tegmentum 
and was found by Blok et al to be activated in functional 
studies.” De Groat reported that stimulation of this area in 
the feline caused relaxation of the urinary sphincter and led 
to a coordinated detrusor contraction, thus initiating void- 
ing.“ Ablation of this area disabled sphincter relaxation and 
detrusor contraction, causing retention.*” 

Another region in the pons that is less understood is the 
‘L-region’, or lateral in animal studies. Stimulation of this 
area in cats demonstrates activation of the urethral sphinc- 
ter, and is thought to serve its purpose more for continence 
and not necessarily for micturition.*' This region has been 
found to be activated when patients are unable to void 
during positron emission tomography (PET) studies, 
and because of this it is suspected that this region acts as a 
continence center.*”*? Another study demonstrated the 
L-region to be more activated when the bladder was full 
compared to when it was empty.” 

The pons receives afferent information from the peri- 
aqueductal gray (PAG), a region that is activated during 
both the filling and micturition phases. That the PAG is 
active during both phases suggests that it serves as an inter- 
face between the afferent and efferent information involved 
in micturition.” The PAG indeed has robust interconnec- 
tions with higher brain centers and the sacral spinal cord, 
as well as with the pons in humans.” The net sum of this 
is that the PAG receives sensory input from the viscera, and 
relays this information to higher centers and the pons, and 
is important in the control of micturition. 


The thalamus serves as an important relay center for 
sensory afferent information. This part of the brain has 
been shown by PET and functional MRI studies to be acti- 
vated during bladder filling.**** It has also been shown to 
have interconnections with the prefrontal cortex, and with 
the PAG.” Although this is not its only role, this gives the 
thalamus a key role in conveying information from the 
bladder.“ 

After information is relayed to the thalamus, it is carried 
to the insula, where information from organ sensation is 
sensed, otherwise termed interoception.*® The anterior 
insula becomes activated when unpleasant sensations 
occur, such as the strong desire to void." Griffiths et al and 
Blok et al showed that, on functional MRI and PET studies, 
respectively, the insula is activated when the bladder is 
full.” Integration of autonomic response and the limbic 
system involves the insula. Sympathetic activation in the 
bladder inhibits the detrusor, causing relaxation, thus 
distending the bladder, which is why the insula becomes 
activated when the bladder is full.’ 

In the limbic system, the anterior cingulate gyrus is 
involved in emotions, pleasure, and memory formation, as 
well as control of the autonomic nervous system. It also 
appears to be involved in cognitive functions, such as con- 
flict.*”4” The conflict during the micturition cycle is the 
desire to void versus social appropriateness. In the anterior 
cingulate gyrus, the anterior portion is more affective, 
while the posterior portion is cognitive. Thus, during the 
desire to void, a cognitive function, the posterior portion 
is activated, whereas during voiding itself, the anterior 
portion is activated.*7# 

The frontal cortex is where cognitive control of voiding is 
located. The functions of this region determine when it is and 
is not appropriate to void, and any decision to initiate void- 
ing is carried out through the frontal lobe.** The main effect 
on voiding from the frontal cortex is inhibition of the detru- 
sor to facilitate storage of urine and elimination at an appro- 
priate time. If this function is not present, the patient may not 
be able to suppress the urge to void when it occurs.” 

When a CVA occurs, or when there is a brain mass causing 
micturition disturbance, the location of the lesion can give 
some indication of what types of voiding disturbances can 
occur. Single photon emission computed tomography 
(SPECT) studies in elderly patients revealed information 
about underperfused areas in relation to incontinence. When 
compared to normal subjects, those with incontinence 
showed significantly decreased perfusion to their frontal lobes, 
namely the right superior frontal and left cortical areas, espe- 
cially in cases of reduced awareness.” Therefore, when the 
underlying underperfusion is a result of a CVA, it is believed 
that the CVA caused the incontinence. 

One of the earliest studies done was by Tsuchida et al look- 
ing at CT findings after hemiplegic stroke and comparing 
them with urodynamic studies on these patients.” All patients 
in this study had some form of micturition disturbance, and 
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Figure 25.2 


Fronto-parietal-temporal lobe ischemic stroke. 


their CVAs occurred an average of 19 months prior to being 
studied. The most common symptoms seen were frequency 
with urge incontinence in 26/39 patients, and the rest com- 
plained of dysuria or retention. While the results of the CT 
findings were not consistent in 16 of their patients, there were 
some subgroups where there was consistency of findings.” 
Patients with frontal lobe and internal capsule lesions showed 
detrusor hyperactivity and an increased rate of uninhibited 
sphincter relaxation. Detrusor external sphincter dyssynergia 
(DESD) was a rare occurrence in their study population. 


Figure 25.1 
MRI of normal brain (a) and brain with 
acute ischemic frontal lobe stroke (b). 


Figure 25.3 


Occipital lobe ischemic stroke. 


Another study looked at CT and MRI findings in CVA 
patients within 3 months after their insult. The findings 
in this study were similar as well. Their study population 
had a urinary symptom rate of 53%, and patients with 
symptoms had significantly more lesions located in the 
frontal lobe (Figure 25.1), large lesions in the fronto- 
parietal-temporal (Figure 25.2) and fronto-parietal- 
occipital area than in the temporal, parietal, and occipital 
areas alone” (Figure 25.3). The consistency of involve- 
ment with the frontal lobe above all other areas shows the 
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importance of this region in normal voiding and how dis- 
turbances of this can cause symptoms in these patients. 
This patient population also commonly demonstrated 
uninhibited sphincter relaxation in frontal lobe lesions, 
and additionally showed DESD frequently in patients 
with basal ganglia lesions. 

Pathways from the frontal cortex affected by CVA can 
also manifest as detrusor hyperreflexia with absence of 
sphincter control. Suprapontine lesions often lead to this 
loss of sphincter control, especially when this sensorimotor 
cortex and the corticospinal tracts are affected.’ This was 
indeed the case in a study by Burney et al, where they 
looked at patients in the acute phase of stroke and per- 
formed urodynamics in this time period and correlated 
them to brain imaging. Patients with sphincter abnormal- 
ity had uninhibited relaxation in 83% and the lesions 
in these patients were heavily concentrated in the frontal 
cortex and internal capsule.’ 

The cerebellum also has a role in normal bladder storage 
and emptying. The function of this part of the brain on 
voiding lies in coordination between the cortical centers 
and detrusor nuclei in the brainstem, and its main effect is 
to prevent reflexic contractions from occurring.” In a pre- 
viously mentioned study, all of the patients with cerebellar 
infarctions, however, had detrusor areflexia with normal 
sphincters, which seems counterintuitive given the nor- 
mally inhibitory function of the cerebellum on the blad- 
der.’ In another study, functional MRI (fMRI) was used to 
study activation of brain regions and the cerebellum was 
found to be involved in inhibition of the micturition reflex 
as well.*' So, while the cerebellum’s normal function is 
inhibitory on the detrusor, its role after a CVA to this part 
of the brain is not well understood. 
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Figure 25.4 

Cystometrogram tracing demonstrating 
| phasic detrusor contractions. Note that 
contractions are initially suppressed, a 

good prognostic indicator. 


There has been some question as to whether the sidedness 
of the brain lesion matters. One study reported that urgency, 
frequency, and incontinence were more common in right- 
sided lesions.” This would appear to agree with the SPECT 
findings by Griffiths mentioned earlier, where incontinence 
was seen frequently when the right frontal lobe was under- 
perfused.” Other authors assessed this concept and found 
that the side of the lesion did not matter where incontinence 
was concerned. Burney et al evaluated hemispheric domi- 
nance in CVA patients and found no difference among 
patients with regard to continence and the side of the lesion.’ 
Gelber et al analyzed lesion sidedness and found no correla- 
tion between the side of the lesion and incontinence.’° 


Urodynamics 


When incontinence occurs after a CVA, the main uro- 
dynamic finding is attributed to detrusor overactivity. 
Cystometrogram tracings representative of detrusor dys- 
function typically found can be seen in Figures 25.4 and 
25.5. In Figure 25.4, it can be seen from this tracing that 
there are multiple phasic episodes of detrusor activity that 
eventually culminate in a large sustained contraction. While 
this finding is related to incontinence in this patient, there 
is some evidence of suppression of the contractions in this 
patient, which may be a good prognostic indicator for 
future social continence. In Figure 25.5, the hyperreflexia is 
more pronounced, causing a much higher amplitude con- 
traction at a certain threshold volume that the patient 
sensed and had difficulty suppressing. This is the pattern of 
loss of inhibitory control normally performed by the frontal 
cortex. Detrusor areflexia can also be seen, though it may be 
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limited to the acute phase related to cerebral shock, and can 
resolve over time to normal voiding or hyperreflexia. 

Another common urodynamic finding is uninhibited 
sphincter relaxation. In many studies, this finding is con- 
sistently present with detrusor hyperreflexia, and seen in 
the frontal lobe lesions.”!*”° This finding is rare in basal 
ganglia lesions.” This indicates that control of the external 
sphincter is under higher cortical functioning, and when 
uninhibited relaxation happens, it is often associated with 
more profound urine loss and reduced awareness.” 

The other sphincter finding that is of concern is that of 
DESD. Fortunately, DESD is a rare finding after CVA and is 
usually confused with pseudodyssynergia.*? True DESD 
usually implies a contemporaneous cord lesion occurring 
with the cortical lesion. This is the presence of increased 
EMG activity during filling in response to an involuntary 
detrusor contraction where the patient is voluntarily con- 
tracting the sphincter to avoid urinary loss. In previously 
reported studies, the presence of sphincteric dysfunction 
ranged from 8.3% to 17%.*!?°°*4 When present, sphinc- 
teric dysfunction is frequently seen when there is involve- 
ment of the basal ganglia, in contrast to the situation of 
uninhibited sphincter relaxation. 


Figure 25.5 

Cystometrogram demonstrating large 
amplitude detrusor contractions. Note 
how the contraction is not suppressed, 
indicating loss of frontal lobe input. 


Treatment 


There is a relative paucity of information on treatment of 
incontinence in patients who have suffered from a CVA or 
tumor. The presence of hypocontractility and restricted 
mobility is detrimental to regaining normal voiding func- 
tion.” In the acute phase, when there may be retention and 
loss of consciousness, indwelling or intermittent catheteri- 
zation is an acceptable strategy. Indwelling catheterization 
should be discontinued as early as reasonably possible. 
Access to toileting should be optimized. Behavioral thera- 
pies such as timed voids (especially in aphasic patients) and 
fluid restriction can be of assistance.’ Pelvic floor muscle 
training in women has been shown to be effective in reduc- 
ing incontinence episodes in the poststroke time frame.” 
Medical management of symptoms can be difficult in 
this patient population, and surgical management can be 
fraught with complications.’ Alpha-blockers can have the 
unfortunate side-effect of dizziness and hypotension, which 
is especially detrimental to functioning and rehabilitation 
in these patients. Additionally, anticholinergic medications 
can have effects on cognitive functioning, especially when 
there is baseline impairment.” Imipramine is another drug 
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Proposed treatment algorithm 
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that can be used for patients with urge and/or mixed 
incontinence. It has anticholinergic properties, and it also 
prevents reuptake of norepinephrine, which will increase 
bladder outlet resistance.” Duloxetine is another drug 
agent which may have benefit for women with mixed symp- 
toms, but remains unavailable for this indication in the 
United States. 

Surgical management is complicated by underlying 
comorbidities. The treatment of the CVA itself often 
involves antiplatelet and anticoagulant drugs, and these 
need to be addressed before therapy. Outlet therapy should 
be delayed in men with prostatic obstruction for at least 6 
months after their CVA? In a study by Natsume et al, the 
experience of TURP in postCVA patients in the chronic 


/ — for post-CVA incontinence. 


phase of their disease was reviewed and they found that 
92% achieved successful micturition.” A contrasting study 
by Lum and Marshall, however, found satisfactory results 
in only 50% of patients, and surgery less than 1 year from 
the time of CVA was associated with a worse outcome, 
namely, continued incontinence and increased complica- 
tion rates.® There are several minimally invasive therapies 
available now, including laser and microwave prostatec- 
tomy, and these may be considered in patients not 
medically fit for a TURP under anesthesia.’ 

For patients in whom incontinence is the problem, there 
are many surgical therapies available as well. Intravesical 
botulinum type A toxin (Botox) injections have been 
used for the treatment of detrusor hyperreflexia and urge 
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incontinence. In a prospective study comparing the effects of 
botox on patients with true neurogenic incontinence in two 
groups (spinal cord injury patients and CVA patients), it was 
found to be 91.6% effective in increasing bladder volume 
and decreasing incontinence episodes in the spinal cord 
injury group, but only 50% effective in the CVA group.°! 
Sacral neuromodulation is another possible form of treat- 
ment. It is approved for the treatment of neurogenic and 
idiopathic detrusor overactivity; however, in patients with 
neurologic disease it may not be as effective when dealing 
with refractory patients.” If the patient has an otherwise 
good life expectancy, is medically stable, and has refractory 
incontinence with poor urodynamic findings, augmentation 
cystoplasty or urinary diversion should be considered as 
well. (A treatment algorithm can be found in Figure 25.6.) 


Conclusion 


Patients with intracranial pathologies such as CVAs and 
brain tumors often develop a disturbance in their voiding 
habits. Any form of incontinence can occur in early periods 
after an acute event. Subsequently, the typical presentation 
is an overactive detrusor, often resulting in urgency and 
urge incontinence. Incontinence after a CVA is a very 
important prognostic factor for the mortality, severity of 
the stroke, and recovery of the patient. Though manage- 
ment can be challenging in these patients, social conti- 
nence should be the ultimate goal, as this can affect their 
overall sense of wellbeing and outcome. Through a thor- 
ough understanding of the anatomy and behavior of brain 
lesions, the urologist should be able to understand and 
anticipate the needs of these often disabled patients. 
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Intervertebral disc prolapse 


Erik Schick and Pierre E Bertrand 


Introduction 


Intervertebral disc prolapse causes direct neurologic dam- 
age by mechanical compression of the spinal cord or the 
nerve roots emerging from it. This damage is proportional 
to the severity and length of compression on these struc- 
tures. Table 26.1 summarizes the consequences of these 
events. The chances for recovery are inversely proportional 
to the duration and degree of neural compression.’ 

The most frequent site of disc herniations is lumbar, 
followed by cervical and thoracic spine; some are asympto- 
matic. By age 60, nearly one-third of asymptomatic 
patients have one or more herniated lumbar discs.” About 
90% of symptomatic herniated discs occur at the L4—L5 or 
L5-S1 level,’ and 90% inside the spinal canal.* A strong 
correlation was observed between the level of herniation 
and age: lumbar disc herniation is more cranially localized 
in older patients.” In the cervical spine C6-C7 is the site 
of 60-70% of herniated discs, and C5—Cé6 accounts for 
20-30%.° About 15% of asymptomatic adults have 
thoracic disc herniation in magnetic resonance imaging 
(MRI) studies.” On the other hand, symptomatic thoracic 


disc herniations represent only 0.25-0.57% of all sympto- 
matic disc herniations.”* 


Cervical spine 


Dong et al’ reported recently on 12 patients with cervical 
disc herniation. Ten of them had detrusor hyperreflexia (8 
with and 2 without associated detrusor-external sphincter 
dyssynergia) and 2 had areflexic bladder. Upper urinary tract 
pathology was detected in 71.43% of patients in this group. 


Thoracic spine 


Stillerman et al!° analyzed their own series of 82 sympto- 


matic herniated thoracic discs in 71 patients, and made an 
extensive review of the recent literature (from 1986 to 
1997). Among the 71 patients they operated on, they noted 
bladder dysfunction in 24% (17 out of 71), with urgency 
being the most common complaint. The incidence of 


Nerve lesions according to the severity and length of compression 


Compression Consequences Recovery Pathology 
Short and mild Nerve impulse blocked Almost immediate Local ischemia 
Moderate Nerve impulse blocked Several weeks; depends on Local demyelinization axon 
remyelinization preserved 
Local, progressive, chronic Progressive decrease in motor Depends on degree of Segmental demyelinization, 
impulse transmission remyelinization between Ranvier’s node, at 


Severe, but temporary Section of nerve fibers 


Severe and chronic Section of nerve fibers 


Depends on axonal regeneration 
in Schwann’s cell sheath 


None; Schwann’s cell sheath 
remains blocked by compression; 
retrograde axonal degenerescence 


the site of compression and 
its vicinity 

Wallerian degeneration 
distally 


Wallerian degeneration 
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bladder/bowel dysfunction in the reviewed literature was 
somewhat higher, 35% (72 out of 208). The review did not 
mention the type of bladder dysfunction encountered. 


Lumbar spine 


As 95% of disc prolapses are in the lumbar and lumbo- 
sacral region, we focus our discussion mainly on this 
region. Scutellari et al!' studied more than 2000 patients 
with low back pain, using computed tomography, and in 
15% of them found a significant pathologic condition, 
including mechanical compression, inflammatory and 
neuropathic factors. Presentation of lumbar disc prolapses 
can be divided into two categories: those with major 
symptoms other than urologic (sciatic neuralgia, cauda 
equina syndrome, etc.) and those showing only urologic 
manifestations (vesicourethral dysfunction). 

The level of termination of the spinal cord, the conus 
medularis, is between T12 and L1—L2, most frequently at 
the mid-portion of L1. The descending nerve bundles 
run posterior to the lumbar vertebral bodies until they exit 
the spinal canal, and are called cauda equina. Central pro- 
trusion of the disc occurs in 1-15% of cases and fibers of 
the cauda equina can thus be compressed” (Figure 26.1). 
Cauda equina syndrome is discussed in more detail in 
Chapter 27. Most disc prolapses occur at the L4—L5 or L5- 
S1 level (Figure 26.2) and, when central, they can affect 
nerve roots exiting at S2—S4 sacral levels, interfering with 
normal vesicourethral function (Figures 26.3 and 26.4). 

Jennet'* estimates that in the majority of lumbar disc 
prolapses the cauda equina is involved. This opinion is 
challenged by others. In a series of 121 patients operated on 
by Tay and Chacha,” only 8 patients presented with com- 
pression of the cauda equina. In a large series of 
1972 patients who underwent lumbar discoidectomy, as 
reported by Nielsen et al,'° only 26 (1.32%) presented with 
cauda equina syndrome. It is, however, difficult to distinguish 


Figure 26.1 

(a and b) L4-L5 sequestered disc 
herniation (linked white arrows); 

(c) protruded disc (thick white arrow) 
and displaced dural sac (thin white 
arrow); (d) sequestered disc fragment 
(thick white arrow). (Courtesy of 

Dr Marie-Josée Berthiaume). 


in the literature patients with lumbar disc prolapse who 
have, or have not an associated cauda equina lesion. 

Recent imaging studies suggest that no differences in 
cross-sectional area of the dural sac on CT scan exist 
between patients with or without neurogenic bladder dys- 
function. However, in patients with bladder dysfunction 
the anteroposterior diameter of the dural sac was signifi- 
cantly shorter, 8 mm or less.” 

Nerve bundles of the cauda equina contain parasympa- 
thetic and somatic fibers. The clinical presentation is often 
dominated by the effects of compression of the somatic 
fibers. This may explain why vesicourethral and rectal dys- 
functions have been studied less frequently. Classically, vesi- 
courethral dysfunction in this syndrome is estimated to have 
a frequency rate of 1-16%.'*'**” Rosomoff et al’ were the 
first to include cystometry in the routine preoperative evalu- 
ation of patients with disc prolapse. They found a 96% inci- 
dence of hypotonic bladder. Andersen and Bradley” studied 
urethral and bladder innervation in 8 patients with pro- 
truded lumbar disc documented by myelography and found 
detrusor areflexia in all of them. Among the 30 patients with 
lumbar disc disease reported by Mosdal et al,” 18 patients 
had lower urinary tract symptoms, six patients had areflexic 
bladder, and 13 patients had hyposensitive and/or hypotonic 
detrusor. These data suggest that a significant proportion of 
patients with symptomatic lumbar disc prolapse will also 
have bladder dysfunction, even if lower urinary tract distur- 
bances are not the predominant symptoms. 

A relatively small number of patients with disc prolapse 
will not have symptoms related to somatic nerve compres- 
sion, and will become clinically manifest exclusively by 
urinary symptoms. These cases are of particular interest 
for the urologist, aware of the neurologic bases for lower 
urinary tract symptoms. 

Jennet* was first to suggest that urinary retention might 
be the only symptom of a prolapsed disc, followed by 
Gangai*! 10 years later. Emmett and Love***? analyzed 
in detail the urologic manifestations of disc prolapse. 
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Figure 26.2 

L4-L5 left foraminal disc herniation (oblique straight black 
arrow) obliterating the L4 exiting nerve root (straight black 
arrow). (Courtesy of Dr Marie-Josée Berthiaumeé). 


Figure 26.3 

(a) Right L5-S1 foraminal stenosis from foraminal disc herniation 
(horizontal black arrow) just below the right L5 exiting nerve root; 
(b) normal left LS—S1 foramina with left L5 exiting nerve root 
(oblique black arrow). (Courtesy of Dr Marie-Josée Berthiaume.) 


Subsequently, several other case reports or small series have 
been published.**? It is worthwhile to note that in these 
reports females often outnumbered males.*°"° 


Urinary symptoms 


Only a small number of patients will report urinary symp- 
toms spontaneously. A more probing questionnaire, 


Figure 26.4 

(a) L5—-S1 posterior parasagittal disc herniation (dark thick 
arrow); (b) displaced left L5 root (thin oblique dark arrow). 
(Courtesy of Dr Marie-Josée Berthiaume.) 


however, will reveal lower urinary tract disturbances in 
many patients.**“4 No pathognomonic urinary symptom 
exists for lumbar disc prolapse. The most frequent symp- 
tom is acute or chronic urinary retention. 977343994247 
Irritative symptoms sometimes precede urinary 
retention.» Dysuria, 6 disappearance of normal desire 
to void, decreased flow,***! and urinary incontinence 
related to stress,” or by overflow” have also been described. 
An important neurourologic study was published more 
than 30 years ago by Gunterberg et al.** This study is 
important because, to the best of our knowledge, up to 
now this is the only urologic investigation in patients who 
underwent uni- or bilateral division of sacral nerves during 
sacral resection for tumor. Five patients had bilateral, and 4 
unilateral, precisely defined nerve lesions. This offered a 
unique opportunity to the authors to study the clinical 
(symptomatic) and cystometric (functional) consequences 
of uni- and bilateral sacral nerve injuries. Some important 
pathophysiologic conclusions may be drawn from this 
study. Bilateral division of the sacral nerves below the S2 
level abolished detrusor contraction, suggesting that bilat- 
erally preserved S2 nerves alone cannot insure bladder 
contractility. In contrast, unilateral division of S1 to S5, or 
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S2 to S5 resulted in a normal micturition reflex. The 
appearance of the detrusor contraction on the cystometro- 
grams during micturition in these patients was indistin- 
guishable from that of normal persons. 

All patients with unilateral sacral nerve resection con- 
sidered their bladder function to be essentially normal and 
had no complaints concerning their bowel or sexual func- 
tion. Also, cystoscopic findings in this group of patients 
were essentially normal. 

These observations are particulary important from the 
medicolegal point of view. If history, clinical evaluation, 
imaging studies, and operative reports clearly indicate that 
the patient has purely unilateral nerve lesion(s) as a sequel 
of the treatment of his/her initial pathology, urinary, 
bowel, and/or sexual symptoms are probably not a conse- 
quence of this nerve injury. 


Urologic investigations 
Cystoscopy 


A number of observations can be made in a patient with 
lumbar disc prolapse: 


1. a decrease or absence of sensation during the passage of the 
instrument through the urethra and less discomfort with 
movement of the instrument or touching of the trigone 

2. a sensation of hypogastric fullness rather then real 
desire to void during bladder filling 

3. the absence of bladder wall trabeculation, even in the 
presence of a large residual urine. 


This triade should evoke the possibility of a lumbar disc 
prolapse as the cause of urinary symptoms,’ even with 
a negative neurologic examination. Susset et al*' reported a 
case of partial bladder denervation secondary to a disc pro- 
lapse in which mild bladder wall trabeculation was present 
and desire to void preserved. 


14! 


Urodynamics 


This is probably the best diagnostic tool to evaluate visceral 
innervation originating from the lumbosacral spine. 
Rosomoff” suggested that cystometry was the best test to 
diagnose cauda equina lesions. This opinion has been chal- 
lenged by few. Emmett and Love” reported that cystoscopy 
can give the same, and sometimes more, diagnostic infor- 
mation than does cystometry. According to Cheek et al,°? 
urodynamics are more useful in the postoperative period to 
document treatment outcome, mainly because before treat- 
ment it cannot distinguish between an areflexic neurogenic 
bladder and a decompensated, noncontractile bladder 
resulting from chronic overdistention. 

Experimental animal studies suggest that the cystomet- 
rogram is only sensitive to severe compression of the cauda 


equina. Detrusor areflexia appears to occur with blockage 
of axoplasmic flow and early sensory changes occur with 
neurovenous congestion.” 

Detrusor areflexia develops in approximately 25% of 
patients with lumbar intervertebral disc protrusion. Capacity 
is significantly increased;?”**"8>! during the filling phase 
the curve is flat, hypotonic,” and the first desire to void is 
delayed or abolished.*°°68469>! During voiding the detrusor 
is hypocontractile.?°°**> Tt should be noted, however, that 
in a few, well-documented lumbar disc prolapses, bladder 
capacity and filling phase were normal.” In a prospective 
study of 122 patients, Bartolin et al” found only 32 patients 
(26%) with areflexic bladder, the remaining 90 (74%) had 
normal detrusor function on urodynamic evaluation. 
Studying 31 patients with intervertebral disc prolapse, 
Murayama et al™ found that those with perineal hyposensi- 
tivity should be suspected of having voiding dysfunction. 

Jones and Moore* were first to describe the coexistence 
of lumbar disc prolapse and bladder hyperreflexia. In a 
series of 81 patients with neurogenic bladder secondary to 
disc prolapse or spinal degeneration, 22 patients had hyper- 
reflexic bladders.” Mosdal et al’ described an identical case 
and Hellström et al” added 3 other cases. In these cases there 
was usually no postvoid residual urine, and bladder sensitiv- 
ity was normal. Hyperreflexia was not secondary to outflow 
obstruction but presumably due to ‘irritation of the nerve 
root.» This opinion is shared by Yamanishi et al,” who ana- 
lyzed the urodynamic studies of 80 patients with spinal 
lesions below the L3 level, including 31 with intervertebral 
disc prolapse and 49 with spinal canal stenosis. Thirty-one 
percent of them had detrusor overactivity. Only 10 of the 80 
patients were followed up after surgery, but in 5 of them 
overactivity disappeared. This suggests that, at least in some 
of these patients, the protruded disc was responsible for the 
overactivity because, with its removal, detrusor function 
returned to normal. 

Shin et al” studied 50 patients with complete cauda 
equina injury. Bladder compliance was decreased in 28% 
(14/50) and normal in 72% (36/50). Detrusor hyperreflexia 
was observed in 6 out of the 14 patients with low-compliant 
bladder, but none in the normal-compliant group. 
Hyperreflexia disappeared with the normalization of com- 
pliance and capacity. These authors concluded that low 
compliance appeared to be the main cause of hyperreflexia. 

Norlén et al” reported a-adrenergic activity in the bladder 
of cats who underwent parasympathetic denervation. The 
same phenomenon was observed in humans as well. This &- 
adrenergic activity can be responsible for detrusor contrac- 
tions during the filling phase which can be misinterpreted as 
being true hyperreflexia due to parasympathetic activity. 

It is interesting to observe that bladder compliance is nor- 
mal in areflexic bladders secondary to disc prolapse.*° This is 
in contrast with the areflexic bladder resulting from trauma 
or myelodysplasia, where compliance is often decreased. 

Murnaghan et al®° transsected the cauda equina in mon- 
keys and obtained low-compliant bladders. The compliance 
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Usual urologic manifestations of cauda equina syndrome 


Compression of the sensory 
fibers of the sacral roots 


Consequences of the 
motoricity of the detrusor 


Endoscopy Hyposensitivity of the urethra and the trigone 
Bladder proprioception delayed or abolished 
Cystoscopic capacity increased 

Cystometry Proprioception (B,) delayed or abolished 


Cystometric capacity increased 
Free flowmetry 


Urethral pressure 
profilometry 


Electrophysiology 
altered 


of these bladders could be improved by administration of 
phentolamine and emepromium bromide.” This suggests 
that the decreased compliance was of neurogenic origin, 
due to both o-adrenergic and cholinergic activities. 

The areflexic bladder, as observed in disc protrusion, has 
a normal compliance. This areflexia is thus not motor in ori- 
gin — as in the experiences of Murnaghan et al,“ or reported 
by Sandri et al®' — but secondary to lesions of the sensory 
fibers of the bladder, or to incomplete lesions of the 
parasympathetic preganglionic fibers.*° The bethanechol 
supersensitivity test is positive in 100% of areflexic and low- 
compliant bladders from other causes, but it is significantly 
less positive in those when areflexia is secondary to lumbar 
disc prolapse. This suggests that in the latter situation motor 
impairment is not primary, but a consequence of sensory 
impairment.” The injury to the muscle fibers of these large 
decompensated bladders probably results from chronic 
overdistention and not from a direct neurologic lesion.” 

Bladder dysfunction, primarily sensitive and secondarily 
motor in nature, explains the urinary symptoms encoun- 
tered and the observations made during urodynamic testing 
(Table 26.2). 


Flowmetry 


Few authors have studied free flowmetry in lumbar disc 
prolapse. As expected, in the majority of cases the maxi- 
mum and mean flows are decreased.7°°%*8! Kontturi’? 
established a relation between the degree of nerve compres- 
sion and the decrease in mean flow. This, however, does not 
seem to be the rule, because Andersen and Bradley” 
and Mosdal et al” reported that 50% of their patients had 
normal flowmetry. Sometimes the flow curve undulates, 
suggesting Valsalva maneuvers during micturition.*°*? 


Sensory threshold of penis (or clitoris) 


Bladder wall without trabeculations 
Increased postvoid residual urine 


Bladder wall compliance normal. Hypo- or 
acontractile detrusor 

Maximum flow rate and mean flow rate 
decreased 

Maximum urethral closure pressure normal 
or decreased (depends on pudendal nerve 
injury) 

Bulbocavernosus (or clitorido-anal) reflex 
latency increased or abolished 
Denervation (to various extent) of pelvic 
floor muscles 


Urethral pressure profilometry 


Kontturi?’ found a normal sphincteric tone in every 
patient. He was unable to establish any relation between 
urethral pressure profile (UPP) parameters and the sever- 
ity of neural injury as demonstrated clinically or radiolog- 
ically on myelography. He noted, however, that in the 
group of patients with the most severe neurologic impair- 
ment, sphincter tonus was abnormally high in patients 
with urinary retention and the sphincter was hypotonic in 
those patients with urinary incontinence. 

McGuire® analyzed UPP in 6 patients with disc pro- 
lapse. Proximal urethral pressure was normal, an 
expected finding since herniated lumbar discs do not 
interfere with hypogastric plexus activity. McGuire also 
noted a decrease in tone at the membraneous urethra in 
2 patients in whom electromyographic activity was poor 
in the striated sphincter. Chuang et al” reported on 14 
patients who had lesions below the conus medullaris and 
had anal sphincter abnormalities. All the patients showed 
a significant decrease in maximum urethral closure pres- 
sure, which suggested injury to the pudendal nerve by the 
protruded disc. 


Electromyography 


Recently many authors have expressed an increasing inter- 
est regarding anal sphincter electromyography as an indi- 
cator of pudendal nerve activity, mainly as a result of the 
group from Ljubljana, in Slovenia.“ Andersen and 
Bradley” could not register any electrical activity in 1 of 
18 patients. Fanciullacci et al’® analyzed 22 patients and 
found no electrical activity in 16 patients and an abnormal 
EMG in 6 patients. 
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Electromyelography 


Susset et al“ found an increased bulbocavernosus latency 
time in their patients. Urethroanal reflex was perturbed in 
two-thirds of the patients studied by Andersen and Bradley,” 
as well as by Fanciullacci et al.“° These observations suggest 
an alteration in the somatic segmental innervation of the 
vesicourethral unit. The sensory threshold of the penis (or 
clitoris) was often altered.“° Amarenco and Kerdraon® sug- 
gested that a difference of >3 ms in the latency time of the 
bulbocavernosus reflex between the left and right side can be 
indicative of a significant alteration in the conduction over 
the sacral reflex arc. (The mean interlatency difference 
between the two sides in 10 normal males was 1.8+0.4 ms.) 
These data might be important from the medico-legal stand- 
point when determination of isolated nerve root function is 
a key element in the evaluation of the patient. 

Table 26.2 summarizes the urologic manifestations of 
cauda equina syndrome. 


Postoperative results 


When conservative measures fail, the treatment of herni- 
ated discs is surgical, with excision of the disc(s). 

The evaluation of immediate and long-term results is diffi- 
cult because subjective improvement does not necessarily 
match functional recuperation, as demonstrated by uro- 
dynamics and electrophysiologic studies.” Several authors 
reported significant improvement, even complete recovery, of 
preoperative lower urinary tract symptoms. !>7830323436374147,09 
Scott,” however, found no noticeable improvement, especially 
when perianal anesthesia persisted. 

Urodynamic evaluation can return to normal.?5384163 
However, normal detrusor function preoperatively can 
become abnormal in up to 10% of cases following surgery.” 
Recovery of vesical function is poor or even nonexistent 
when neurologic signs, particularly perianal anesthesia, 
remain.**** Perianal anesthesia is considered the most 
important prognostic indicator.” However, Hellström et al” 
reported 3 patients with persistant bilateral perianal anesthe- 
sia and a contractile detrusor. Gleave and Macfarlane” found 
no relation between bladder recovery and persisting saddle 
anesthesia. It should be noted, however, that about 10% of 
patients with clinical, electrodiagnostic, and radiologic find- 
ings compatible with cauda equina or conusmedullaris 
lesions will exhibit normal saddle sensation.” Seventy-nine 
percent of their patients had no urinary symptoms, but 78% 
remained with perianal sensory deficit. (These patients, how- 
ever, did not have a urodynamic evaluation.) For several 
authors, detrusor areflexia has a tendency to remain perma- 
nent.’?4%7%72 In a small series of 8 patients (follow-up 1 
month to 6 years) Yamanishi et al’? demonstrated that ure- 
thral function showed a better recovery after surgery than 
did bladder function in patients with acute urinary retention 
due to central lumbar disc protrusion. Fanciullacci et al“ 


demonstrated that the afferent branch of the pudendal reflex 
arc is more vulnerable than its efferent branch. This might 
explain why perianal anesthesia rarely recovers. Detrusor 
recovery is not proportional to the dimension of the disc 
prolapse.” 

Opinions are divided as to what extent this pathology 
should be considered as a surgical emergency. Some 
researchers!”°>’>-”” advocate rapid decompression because 
it improves the chances of detrusor recovery. Other 
researchers!*47°17879 found no relation between the delay 
to surgery and normalization of bladder function. One 
possible exception could be decompression in an acute 
episode within the first 6 hours, the limit of time for axone 
ischemia to become irreversible.“ In all reported series, 
such rapid intervention is exceptional. 

Short-term recovery of bladder function is often poor 
after lumbar disc surgery; indeed, the recovery of bladder 
function may be very slow, taking months to years.’”*° 
From the urologic point of view, these patients need 
careful long-term follow-up. 


Conclusions 


Lateral intervertebral disc prolapse compressing unilateral 
nerve root(s) does not give rise to urinary, bowel, and/or sex- 
ual dysfunction. Detrusor contractions on urodynamic 
studies are indistinguishable from those of normal persons. 

Intervertebral disc prolapse of the lumbar spine compress- 
ing bilateral nerve roots or the cauda equina can lead to ure- 
throvesical dysfunction. In the great majority of cases it results 
in an areflexic detrusor. This areflexia is secondary to an 
impairment of the afferent, sensitive, branch of the sacral 
reflex arc which, in turn, influences its efferent, motor branch. 
The distal urethral sphincteric mechanism is usually intact. 

There exists a particular form of lumbar disc protrusion 
that is well documented in the literature, with about 100 
cases published, the majority in females in which the only 
clinical symptom is urinary retention. The desire to void is 
modified, with the patient describing hypogastric fullness. 
Physicians should suspect this condition when the bladder 
has a huge capacity, a significant postvoid residual urine, 
no bladder wall trabeculation, and a hyposensitive urethra 
and trigone during cystoscopy. Urodynamics will demon- 
strate a flat curve during the filling phase and an increased 
bladder wall compliance. The first desire to void is delayed, 
or even abolished. Electrophysiologic studies show an 
increased bulbocavernosus (or clitoridoanal) latency time. 
Radiologic exploration, CT scan and/or MRI, should con- 
firm the clinical diagnosis (Figures 26.5 and 26.6). 

Treatment is the surgical removal of the protruded disc. 
There is no consensus in the literature on the degree of 
urgency of this condition. Common sense dictates rapid 
intervention, when possible. Complete recovery of 
urethrovesical function may take months, or even years. 
An extended follow-up is indicated. 
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Figure 26.5 

Magnetic resonance image (sagittal plane) of a sequestered discal 
fragment (arrow). Note the difference on MRI of the degenerated 
disc at the L3—L4 level, compared with normal intervertebral discs 
at more proximal levels. (Courtesy of Dr Marie-Christine Roy.) 
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The cauda equina syndrome 


Tala AL Afraa, Abdulrahman J. Sabbagh, and Line Leboeuf 


Cauda equina refers to that part of the nervous system 
which is situated below the level of the conus medullaris, 
within the spinal canal. It consists of both sensory and 
motor nerve bundles.’ The length of the spinal cord is 
shorter than the vertebral canal. As a consequence of the 
relative inequality in the rates of growth of the spinal cord 
and the vertebral column, the nerve roots, which in the 
early embryo passed transversally outward to reach their 
respective intervertebral foramina, become more and more 
oblique in direction from above downward during normal 
development, so that the lumbar and sacral nerves descend 
almost vertically to reach their point of exit from the verte- 
bral canal. From the appearance of these nerves at their 
attachment to the spinal cord, and from their great length, 
they are collectively named the cauda equina.’ Injury to the 
nerves of the cauda equina can result in the so-called cauda 
equina syndrome (CES), which refers to the simultaneous 
compression of multiple lumbosacral nerve roots below 
the level of the conus medullaris. This is typically charac- 
terized by low back pain, sciatalgia, saddle and perineal 
hypoesthesia or anesthesia, decreased anal tone, absent 
ankle, knee, or bulbocavernosus reflexes, variable lower 
extremity motor and sensory loss, as well as bowel and 
bladder dysfunction.” Mixter and Barr are thought to be 
the first to report this clinical syndrome, in 1934.5 
Diagnosis of a cauda equina lesion may be complicated 
and require neuroradiologic imaging together with blad- 
der, bowel, sexual, and somatic function tests. Management 
may be difficult and require prolonged intensive and long- 
term rehabilitation.” 


Neuroanatomy 


The relationship between the terminal part of the spinal 
cord, the conus terminalis, and the vertebral column 
changes during intrauterine development, in the neonate, 
in infancy, and in the adult. This is because the vertebral 
column grows more rapidly in the longitudinal direction 
than does the spinal cord.”* In the third month of 
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Figure 27.1 
Normal MRI of the lumbosacral region. 


intrauterine life, the spinal cord fills the whole length of the 
vertebral canal. In neonates, the spinal cord terminates at 
the lumbosacral junction.’ During infancy and early child- 
hood, the spinal cord terminates between the first and 
third lumbar vertebrae,”*® whereas in adults, it may termi- 
nate at a level anywhere from the T12 vertebral body to the 
L2 and L3 intervertebral space.» Arai et al studied 602 
patients aged between 8 months and 84 years and found 
the location of the conus medullaris at the middle one- 
third of L1'° (Figure 27.1). 

The S2-S5 sacral roots are located in the dorsal aspect of 
the thecal sac. The lumbar and the first sacral roots have an 
oblique, layered pattern as they ascend. Within each root 
the motor bundle is situated anteromedially to its respec- 
tive sensory bundle. Invaginations of arachnoid keeps the 
nerve roots in a fixed relationship to one another. 

The lower part of the cord is tapered to form the conus 
medullaris from which a prolongation of the pia mater 
forms the filum terminale, which extends downwards to be 
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Figure 27.2 


Intraoperative picture shows the cauda equina nerve fibers. 


attached to the coccyx.'* The conus medullaris contains 
the myelomeres of the five sacral nerve roots $1-S5.'”” The 
cauda equina is the site of transition from the central to the 
peripheral nervous system!” (Figures 27.2 and 27.3). 

The cauda equina nerve roots give the sensory and 
motor innervation to the lower urinary tract, lower bowel, 
urethral and anal sphincter, sexual organs, lower extremi- 
ties, and the pelvic floor! (Table 27.1). 

The sacral parasympathetic plexus arise from S2, $3, and 
S4 sacral nerve roots and join the sympathetic fibers to 
form the pelvic plexuses branches to give innervations to 
the bladder, urethra, male and female genital organs, rec- 
tum, and blood vessels.'!!* The somatic nerve which orig- 
inates from Onuf’s nucleus (S2—4) via the pudendal nerve 
supplies the rhabdosphincter of the urethral sphincter and 
anal sphincter, and the levator ani and transversus perinei 
muscle. =? 


Pathophysiology 


CES is a result of compression of the cauda equina nerve 
roots within the spinal canal, below the level of L1.” Any 
space-occupying lesion that causes narrowing of the 
anteroposterior diameter of the dural sac can directly exert 
a mechanical effect on the nerve root.*”®?7 This compres- 
sion will be responsible for Wallerian degeneration, 
decreased blood flow, intraneuronal edema, and axonal 
transport block, resulting in neural dysfunction.”* 

Kobayashi et al, in a study using 12 dogs, applied mechan- 
ical compression on lumbar nerves at the level of L7. They 
concluded that Wallerian degeneration, macrophage aggre- 
gation, inflammatory reaction, breaking of the blood—nerve 
barrier, and increased vascular permeability led to 
intraradicular edema. This may be responsible for radiculitis 
and pain.” 
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Figure 27.3 


The cauda equina nerves. L, lumbar; S, sacral; C, coccygeal. 


In a study on 21 rats, Igarashi et al demonstrated that 
acute compression on nerve roots caused an increase in 
endoneurial flow pressure, a decrease in blood flow within 
the nerve fiber, and endoneurial edema, thus possibly caus- 
ing nerve dysfunction and pain.’! 

Delamarter et al’? and Bodner et al,” in a study using 
20 pure bred female beagles, constricted the cauda equina 
at the 7th lumbar level by 25%, 50%, and 75%. The three 
groups were evaluated by cystometrogram (CMG) and 
cortical-evoked potential. The first two groups had nor- 
mal CMGs but significant changes in the cortical-evoked 
potential. They also found mild motor weakness, but no 
urinary incontinence. However, in the 75% constricted 
group there was urinary and fecal incontinence, as well as 
paraparesis of the lower limbs. The CMG and cortical- 
evoked potential curves appeared flat. They concluded 
that cystometry was not sensitive enough until the nerve 
roots were severely compressed. The cortical-evoked 
potential was the most sensitive indicator of neural 
compression. 

McGuire studied the effect of sacral denervation on the 
bladder and urethra. They found that complete sacral den- 
ervation caused loss of anal sphincter tone, as well as loss 
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Lumbosacral nerves and their distribution 7*74 


Origin Motor Sensory 
Iliohypogastric nerve Ll Internal and external Lower anterior abdominal wall 
oblique muscle and pubis 
Ilioinguinal nerve Ll Sensation to the mons pubis and 
anterior scrotum or libia majora 
Genitofemoral nerve C ILA Genital branch to the cremaster Femoral part transmits sensation 
and dartos muscles from the anterior thigh below the 
inguinal ligament and from 
the anterior scrotum 
Femoral nerve L2, L3, L4 Psoas muscle and iliacus muscle Sensation from the anteromedial 
Extensor of the knee portion of the lower extremity 
Obterator nerve 2, L3, L4 Adductor muscle of the thigh 
Lumbosacral trunk L4, L5 Posterior thigh and lower leg Posterior thigh and lower leg 
Posterior femoral cutaneous S253 Anterior part of the perineum 
and posterior part of the scrotum 
Pudendal nerve S2, S3, S4 Erectile tissue Sensation from the penis, perianal 
External anal sphincter skin and posterior part of the 
Ischiocavernosus scrotum 
Bulbospongiosus 
Transverses perinei muscles 
Levator ani and striated urethral 
sphincter 
The nervi erigentes S2, $3, S4 Rectum 
(pelvic plexus) Bladder 
Seminal vesicle 
Prostate 


Pelvic somatic efferent nerve 


S2, $3, S4 


Levator ani and striated 
urethral sphincter 


of detrusor and external urethral sphincter activity. The 
internal urethral sphincter was not affected.** 

Two types have been described: cauda equina syndrome 
incomplete (CESI), characterized by altered urinary sensa- 
tion, loss of desire to void, weak urinary stream, and strain- 
ing during micturition; and cauda equina syndrome 
retention (CESR), characterized by painless urinary reten- 
tion, dribbling, and overflow incontinence.’ 


Incidence and prevalence 
of CES 


The incidence and prevalence of CES in the general popu- 
lation are not known. Podnar reported an incidence rate of 
3.4 cases per million and a prevalence of 8.9 per 100 000.*° 
The prevalence is much higher among patients with lower 
back pain, about 40 in 100 000.*”*8 The incidence of CES in 


spinal pathology ranges from 1 to 5%, depending on the 
origin of the disease.**?4! Males in the fourth and fifth 
decades of life are most prone to CES secondary to inter- 
vertebral disc herniation.??54042—46 


Etiology of CES 


Any lesion causing narrowing of the spinal canal and com- 
pression of the cauda equina nerves below the level of the 
conus medullaris can lead to CES. Table 27.2 summarizes 
the different etiologies of CES. 


Congenital causes 


Meningomyelocele, spina bifida, dystematomyelia, congen- 
ital dermoid sinus, or congenital midline tumor (dermoid, 
epidermoid, teratoma, lipoma).'” 
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Causes of CES 


Congenital 
Degenerative disease 
Traumatic 
Neoplasia 
Iatrogenic 

Vascular 

Infection 


Miscellaneous 


MVA, motor vehicle accident; GSW, gun shot wound; TB, tuberculosis. 
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Figure 27.4 

L4 and L5 vertebrae, the intervertebral disc, and the relation to 
the thecal sac (cauda equina nerves are within the sac and not 
shown here). 


Lumbar disc herniation 


It is well known that lumbar disc herniation can cause 
compression of the cauda equina.*?”*°4*8 About 60-85% 
of lumbar disc herniations occur centrally.** Central disc 
protrusion is the most common cause of CES” (Figure 
27.4). The most frequent intervertebral space involved is 
L4-L5, followed by L5-S1 and L3-L4*?94%46-48-50 (see 
Figure 26.8, Chapter 26). CES is a serious complication of 
lumbar disc herniation.’ About 1 to 2% of lumbar disc 
herniation cases will present with CES.“ About 2-6% of 
lumbar discoidectomies are performed because of CES.“ 

Median disc herniation causes significant urinary symp- 
toms compared with paramedian and lateral herniation." 
This may be due to the direct effect the median compres- 
sion exerts on the parasympathetic fibers bilaterally which 
are located at the postero-median side in the dural sac”*?’ 
(Figure 27.5). 


Spina bifida, meningomyelocele, congenital midline tumors 

Central lumbar disc herniation, spondylosis, spondylolisthesis, Paget's disease 
MVA, GSW, fall from height 

Primary or metastatic 

Spinal anesthesia, orthopedic and neurosurgical procedures 

Arteriovenous malformation 

TB of spine, Herpes simplex infection, etc. 


Leukemia, lymphoma, rheumatoid arthritis, neurosarcoidosis, etc. 
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Figure 27.5 

Types of disc herniation. Foraminal disc herniation (F) 
compresses the L4 root as it exits the spinal canal. Paracentral 
herniation (PC) compresses the L5 root. Central disc herniation 
(C) compresses the remaining sacral roots. Foraminal and 
paracentral herniation will not compress nerve roots bilaterally, 
so cannot result in CES. On the contrary, central herniation 
compresses nerve roots bilaterally, so being responsible for CES. 
L lumbar; S sacral. 


Traumatic injury 


Trauma of the lower lumbar spine is the second most com- 
mon cause of CES.*"**»?>3 Thongtrangan et al reported 17 
patients who developed CES from postspinal trauma 
occurring as a result of motor vehicle accidents, falls from 
height, and gun shot wounds. The severity of the initial 
injury has a role in recovery, with gun shot wounds tend- 
ing to be the more severe, and often leading to a less com- 
plete recovery.*! Sacral fractures have also been reported as 
causes of CES.***° 
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latrogenic injury 


During spinal anesthesia nerve damage can be due to 
needle trauma, neurotoxicity, hematoma, or abscess forma- 
tion.” Loo et al presented 6 patients with CES after spinal 
anesthesia where hyperbaric 5% lignocaine was used. 
Direct neurotoxicity was most likely the cause of the syn- 
drome.” Rigler et al also reported 4 cases due to continu- 
ous spinal anesthesia.” Subdural hematoma may be 
secondary to spinal anesthesia,” and epidural catheter 
placement or removal. CES may follow orthopedic 
and/or neurosurgical procedures. It is a rare complication 
of disc hernia surgery, ranging between 0.2 and 1%.° 
McLaren and Bailey reported on 6 patients with CES after 
lumbar discoidectomy. Four factors could be responsible 
for CES including postoperative edema, haematoma, 
retained disc fragments, and Gelfoam.® It should be noted 
that large amounts of Gelfoam by itself can lead to CES. 
Schoenecker et al reported on12 patients who developed 
CES after vertebral arthrodesis for spondylolisthesis.© 
Another possible cause may be free fat grafts following 
discoidectomy.® 


Neoplasia 


Tumors of the lower spine can cause compression of the 
nerve roots leading to CES. Patients with CES caused by 
neoplasm usually have a nonspecific disease, long history 
of back pain, or paresthesia.°’ Tumors of the spine can be 
primary (myxopapillary ependymomas, schwannomas, 
paragangliomas, astrocytomas, chordomas, giant cell 
tumors,°’ meningeal carcinomatosis,® spinal epidural 
lipomatosis,® etc. The metastatic tumors which can 
be responsible for the development of CES include 
lung cancer, breast cancer, lymphoma, colorectal 
cancer, prostate cancer, thyroid cancer,®’ renal cell carci- 
noma,” etc. Leukemia and lymphoma are rare causes 
of CES but they had been reported (for example: 
leukemia,” epidural lymphoma,””? non-Hodgkin lym- 
phoma involving the cauda equina,’* Hodgkin’s dis- 
ease”). A few benign lesions have been reported to cause 
CES, such as intrathecal sacral cyst’° and lumbosacral 
arachnoid cyst.” 


Spinal stenosis 


There are two types of spinal stenosis, congenital and 
acquired, both of which can cause CES. The congenital 
type includes dysplastic spondylolisthiasis® and congenital 
spinal stenosis.” Acquired spinal stenosis, the more 
common form, can also contribute to CES and includes 
spondylosis, ankylopoetic spondylolisthesis, Paget’s 
disease,** longstanding ankylosing spondylitis,” and 
spondylolytic spondylolisthesis.*° 


Miscellaneous causes 


Vascular causes: Only a few cases of CES caused by 
vascular disease have been reported, such as arteriovenous 
malformation,’ inferior vena cava thrombosis,*! lumbar 
vertebral hemangioma,*** and hemorrhage from spinal 
ependymoma.® 


Infectious causes: Infection can lead to the formation of 
abscesses that can cause compression of the nerve roots. 
Some reported cases include gnathostomiasis,*° epidural 
abscess,*” tuberculosis of the spine,** pneumococcal 
meningitis, and herpes viral infection (viral sacral 
myeloradiculitis).*° 


Inflammatory causes: More rarely, inflammation may 
cause CES. This may include: primary angiitis of the 
central nervous system,” lumbar spinal rheumatoid 
discitis, neurosarcoidosis,””? etc. 


Clinical manifestations 


CES includes several symptoms and signs, characteristic of 
this entity. ?®40446498624 Commonly, patients present with 
a triad of symptoms: saddle anesthesia , lower extremity 
weakness, and bladder and/or bowel dysfunction,** but 
may also exhibit sexual dysfunction as well.?°?”?° 

The symptoms and signs develop within a few hours in 
more than 85% of patients.*“° Tandon and Sankaran 
described three different presentations, which are: sudden 
onset of symptoms; a long history of lower back pain 
(LBP) followed by a sudden onset of bladder disturbance; 
and chronic lower back pain with sciatalgia which gradu- 
ally progress to CES.” The type of presentation defines the 
prognosis and outcome.” Most patients present with a 
combination of sacral dysfunctions (LUT, bowel, and 
sexual dysfunction).* 

The incidence of the most frequent clinical presenta- 
tions is summarized in Table 27.3. 


Low back pain and sciatalgia 


More than 83% of CES patients present with LBP and uni- 
or bilateral sciatalgia.*%°9?>46>3 About 70% of the 
patients have a past history of LBP, while 30% of them 
have sudden onset of pain within a period of 1 or 2 
days.**46-4993,79 A history of chronic LBP increases the risk 
of permanent urinary dysfunction by 11 times and rectal 
dysfunction by 25 times.” Radiculopathy appeared in 90% 
of patients.*? Such radiculopathy, projecting pain to the 
corresponding dermatomal area, is due to compression of 


350 Textbook of the Neurogenic Bladder 


Summary of common clinical presentations 


Low back pain 83% 
Bilateral or unilateral sciatalgia 90% 
Saddle anesthesia 96% 
Lower limb weakness 84% 
Urinary retention 90% 
Incontinence 74% 
Fecal incontinence 85% 
Constipation 70% 
Sexual dysfunction 85% 


the dorsal root associated with an inflammatory reaction 
(radiculitis).“* Pain may also be due to ischemia resulting 
from compression of the sacral nerve roots.” Kennedy et al 
reported sciatalgia in all their patients except one. They 
found that bilateral sciatalgia is a common presenting 
symptom. It is considered to be a poor prognostic factor.” 


Motor deficit 


Motor deficit can present as a progressive lower 
extremity weakness and may progress to paraparesis.*?!~ 
43,45,49,62,63,96.97 Shapiro reported on 44 patients with CES; 
84% of them were unable to stand or walk because of pain 
and foot weakness.*° The deep tendon reflex may also be 
weak or even absent.2%414949,49,63.98 


Sensory deficit 


Cauda equina patients usually present with numbness, 
anesthesia in the corresponding dermatome of the lower 
limbs, and saddle hypoesthesia.*° Saddle sensory loss 
is a useful clinical sign for CES diagnosis, identifying 
patients who need immediate lumbosacral imaging.” 
Saddle hypoesthesia is present in almost all these 
patients.°?*!4° Decreased sensation starts at the perineal 
and sacral regions, and then progresses to the feet.” 
Podnar and colleagues reported perianal sensory loss in 
96% of patients and this significantly correlated with 
lower urinary tract dysfunction.*?”? Kennedy et al 
concluded that the presence of complete perineal sensa- 
tion loss is significantly correlated with a poor outcome 
following decompression.*? However, when only saddle 
hypoesthesia and not complete anesthesia was present, 
this was not an indicator for poor outcome.” Buchner and 
Schittenwolf found that the absence of complete perianal 
and saddle anesthesia correlated with a better outcome 
after decompression.” 


Vesicourethral dysfunction 


There are a variety of lower urinary tract symptoms com- 
monly found in patients with CES.” These symptoms may 
be found in as many as 89% of patients.’ CES patients may 
experience a disturbance in bladder emptying, including 
acute urinary retention, a feeling of retention, loss of desire 
to void, micturition with straining, poor stream, and 
altered urethral sensation.?7°773941-4693.98 

The presence of both LBP and urinary retention is an 
extremely strong indicator of CES in most cases (sensitiv- 
ity: 90%, specificity 95%).°*4° Urinary incontinence, 
specifically overflow incontinence, is another symptom 
which may be present in patients with CES.3®414345,46,53 
Podnar et al noted that stress urinary incontinence was the 
second most common complaint in these patients, more 
pronounced in women than in men (74% in women and 
54% in men). Furthermore, lower urinary tract symptoms 
affect quality of life in 88% and interfere with sexual 
activity in 71% of patients.” 

In a study of 56 patients with CES, McCarthy found 
55% had urinary incontinence and 60% had urinary reten- 
tion.** It should be noted that bladder dysfunction is 
significantly related to the degree of cauda equina 
compression.?”? 


Bowel dysfunction 


Cauda equina patients may present with fecal incontinence 
or constipation, incontinence being more frequent and 
occurring in as many as 85% of cases.474378:! Patients may 
present with intermittent fecal incontinence, liquid stool 
incontinence, or flatus incontinence; the latter is the most 
common type.*®!00 

Podnar studied bowel dysfunction in 67 patients with CES. 
He found that fecal incontinence and constipation were more 
frequent than in the general population. Fecal incontinence 
was significantly associated with decreased perianal sensation. 
Constipation was found mostly in women. Furthermore, 39% 
of patients reported loss of sensation during defecation. 
In these cases, constipation may be due to damage to the 
sacral parasympathetic nerves and slow colon transit. 

Anal sphincter tone is diminished or absent in up to 
80% of patients. ***!? There is a significant correlation 
between anal sphincter weakness and poor prognosis.*? 


Sexual dysfunction 


Sexual dysfunction is also a common symptom of 
CES:7593:6°498 Tt could be due to damage to the parasym- 
pathetic nerves S2-S4.°>°8 About 85% of patients have 
some degree of sexual dysfunction, including erectile dys- 
function and impairment of ejaculation.” Women expe- 
rience vaginal anesthesia and numbness; whereas in men 
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the problem manifests as a failure to begin or maintain 
erection.*° Prolonged cauda equina compression may be 
responsible for increased male sexual dysfunction.** 
However, age is strongly associated with the severity of 
sexual dysfunction in these patients.°?* 


Investigation 
Clinical diagnosis 


Clinical history: Early recognition and diagnosis is very 
important because CES can lead to significant physical and 
mental disability. Late or missed diagnoses may have 
significant medicolegal consequences as well.4'°! A 
detailed voiding history should be obtained.” Podnar 
et al used the International Continence Society’s Lower 
Urinary Tract Symptom Questionnaire to evaluate the 
urinary symptoms of their patients,” but other similar 
questionnaires may also be useful. 


Physical examination: A neurologic examination should 
be performed to evaluate the motor and sensory deficit 
including deep tendon reflex (knee and ankle), perianal 
sensation, and anal sphincter tone.4049°3:98:10 


Laboratory work-up: A full blood count, chemistry, 
electrolyte, fasting blood sugar, and sedimentation rate 
should be considered. In cases where infectious causes are 
suspected, the following tests are recommended: syphilis, 
lyme serology,” cerebrospinal fluid analysis, bacteriology, 
viral studies, and venereal serology.” 


Radiologic evaluation 


Plain film: This may indicate areas that need further 
investigation.’ 


Magnetic resonance imaging: MRI of the spine proved to 
be effective in viewing the cauda equina region,!” and is 
considered to be the gold standard today for confirmation 
and localization of the lesion, especially in patients with 
disc herniation and where soft tissue visualization may be 
important.” MRI does not expose patients to radiation, 
but it does have several disadvantages. It is not available 
in every medical center, it requires more time to deliver 
complete images, it is not suitable for patients with 
ferromagnetic implants, and finally it is not suitable for 
claustrophobic patients.” 


Computed tomography: CT scan is the best way to assess 
bone anatomy, especially in cases of spinal trauma;”*! 


however, it has limitations when used to examine disc 
herniation and epidural or subdural hematoma. 


Computed tomography combined with myelography: 
CT-MG has been used as a diagnostic tool by several 
authors.”?7384486! Narrowing of the anteroposterior 
diameter of the dural sac to less than 8 mm is significantly 
correlated with neuropathic bladder dysfunction.’ 


Urologic evaluation 


Cystoscopy: When performing cystoscopy in patients with 
CES, characteristic signs include decreased or absent 
urethral sensation during instrumentation, suprapubic 
fullness, rather than real desire to void at capacity, and 
absence of bladder wall trabeculation.'° 


Flowmetry: Only a few authors have studied free flowmetry 
in patients with CES. In the majority of cases, the 
maximum and average flow rates were reduced.*?°?747%4 
However, Mosdal et al reported normal flowmetry in 50% 
of their patients.“ The shape of the flowmetry curve can 
indicate abdominal straining during micturition, in case of 
which a pressure—flow study should demonstrate hypo- or 
acontractile detrusor.*?>47"" 


Postvoid residual urine: This can be measured with a 
catheter or by ultrasound. Although if Mosdal et al” and 
Nielsen et al’ reported that all their patients were able to 
empty the bladder completely, Podnar et al found that 
about 40% of males with CES had a postvoid residual 
urine of more than 100 ml. Repeated postvoid residual 
measurements are therefore recommended.” 


Urodynamic studies: These are the best diagnostic tool to 
evaluate lower urinary tract function. Rosomoff studied 
100 patients with lumbar disc herniation. Abnormal 
urodynamic studies were found in 83% of them. The 
authors suggested that cystometry was the best test to 
diagnose bladder abnormality in patients with CES.' 
Inui et al studied 34 patients with CES secondary to 
lumbar disc herniation and/or lumbar spinal stenosis. 
They found that 60% of patients had subjective urinary 
symptoms which were confirmed by urodynamic studies, 
whereas the other 40% had no urologic symptoms but 
urodynamic studies revealed neuropathic bladder.” 
Kennedy et al recommended performing urodynamic 
studies at initial presentation when CES is suspected.*? 


Videourodynamics: During the filling phase, bladder 
sensitivity, manifested by a delay in the sensation of first 
desire to void,*” increased bladder capacity, and increased 
bladder wall compliance will be noted. The detrusor is 
usually stable," however detrusor overactivity, low 
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compliance, and reduced bladder capacity may also be 
found in cauda equina patients. This may be due to 
decentralization of parasympathetic ganglia or irritation 
of the lower sacral roots, occurring in about 20% of 
patients.?>°>! Hellstrom et al, in a study of 20 patient with 
CES, did not find patients with low bladder compliance 
and detrusor-sphincter dyssynergia.”° Light et al studied 13 
patients with traumatic CES via videourodynamics and 
found that all 13 patients had bladder neck incompetence. In 
these patients, neurophysiologic tests revealed evidence of 
lower motor neuron lesions.!% Similar findings have been 
previously reported by Nordling et al.!°” Most authors report 
either detrusor underactivity or acontractile detrusor 
during pressure—flow studies.27547°3:994104106,108,109 Paylakis 
et al studied 56 patients with conus medullaris or cauda 
equina injury by cystometry and electromyography (EMG). 
They found that 93% of them had noncontractile detrusor, 
together with abnormal perineal EMG changes.’ There is a 
strong correlation between the presence of saddle anesthesia 
and detrusor areflexia. The presence of both these symptoms 
is associated with poor outcome.” 


Urethral pressure profile: Hellstrom et al, in a study of 20 
patients, reported normal UPP in all patients except one, 
who had low maximum urethral closure pressure.» 
Kontturi reported normal UPP in all his patients." 
McGuire reported that complete sacral denervation does 
not cause a loss of urethral profile unless it is close to the 
area of the pelvic muscle innervation.** 


Ice water test: The IWT has been reported to differentiate 
upper from lower motor neuron lesions. It is performed by 
rapidly filling the bladder with 100 ml of 4°C sterile saline 
solution. The test is positive in more than 90% of patients 
with upper motor neuron lesions, whereas it is almost 
always negative in lower motor neuron lesions.'!°!!? 
Bradley and Andersen studied 21 patients with cauda 
equina and conus medullaris lesions by means of 
urodynamics, EMG, and the IWT. They found that the 
IWT was less indicative of lower motor lesions than were 
the other tests.'!4 


Neurophysiologic evaluation 


The neurophysiologic tests can be used to evaluate patients 
with sacral dysfunction, i.e. lower urinary tract, anorectal, 
and sexual dysfunction. In this respect, useful tests include 
EMG, concentric needle EMG (CNEMG), motor unit 
potential (MUPs), interference pattern (IP), motor evoked 
potential (MEP), and evoked pressure curve (EPC).!!° 
These tests are highly specialized and should be done in 
conjunction with a clinical neurophysiologist.'!° 


EMG allows evaluation of the bulbocavernosus reflex. It is 
sensitive in revealing the integrity of the S2-S4 reflex arc.!!° 


CNEMG is commonly used to evaluate the striated 
urethral and anal sphincters. It was reported to be helpful 
in diagnosing dysfunctional voiding in females.'!° Podnar 
and colleagues used CNEMG to evaluate bladder, bowel, 
and sexual (dys)function. They found that CNEMG was 
abnormal in more than 80% of patients with CES.°*?810 
CNEMG is the most informative test to detect both dener- 
vation and reinnervation in cauda equina lesions.''® 


MUP and IP are sophisticated tests used to evaluate the 
external anal sphincter. MUPs are prolonged and poly- 
phasic in the case of CES." 


MEP and EPC: Schmid et al studied 33 patients (14 with 
cauda equina lesions) with MEP responses from the ure- 
thral compressive muscle by inserting a bipolar ring elec- 
trode mounted on a catheter and positioned at the level of 
the external urethral sphincter during a urodynamic study. 
They found the EPC latencies were significantly delayed in 
patients with cauda equina lesions. This procedure has sev- 
eral advantages, including painless stimulation, atraumatic 
recording, only one catheterization, and simultaneous 
measurement of intra-sphincter pressure and EMG.'!” 
MEP is a useful test in CES because it can reveal abnor- 
malities of nerve root conduction shortly after the onset of 
symptoms and may identify the site of the lesion. EMG 
requires 2-3 weeks to exhibit a positive result.!" 


Evaluation of bowel dysfunction 


Podnar studied bowel dysfunction in 88 patients by means 
of a questionnaire which included 18 questions to assess 
consistency of feces, sensation during defecation, pain, 
constipation, and other bowel-related medical problems; 
an EMG; and the assessment of perianal sensation. The 
study showed that constipation is more common in 
females and significantly associated with low or absent 
perianal sensation.” 


Evaluation of sexual dysfunction 


The evaluation of sexual dysfunction is mainly undertaken 
through a detailed history. Podnar and colleagues studied 
the sexual function of 46 patients with documented CES. 
They used the International Index of Erectile Function 
(IIEF), which consists of 15 questions (6 questions to assess 
erectile function, 3 questions regarding intercourse satis- 
faction, 2 questions for orgasmic function, 2 questions 
concerning sexual desire, and 2 questions about overall sat- 
isfaction). Evaluation of the deep tendon reflex and the 
sensation of the perianal region, and EMG of the external 
anal sphincter completed the investigation. The authors 
concluded that sexual dysfunction is strongly correlated 
with age of the patient, but not with sensory loss or EMG 
findings.”*!” 
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Recovery of bladder function following decompression (modified from Buchner and Schiltenwolf®) 


Decompression | Decompresion Mean Percent 
Authors No of patients within 48 hours after 48 hours follow up (years) recovery 
Kostuik et al 1986” 31 10 patients 21 patients 8 77 
Hellstrom et al 1986” 17 14 patients 3 patients 2.8 59 
Shapiro 1993% 14 7 patients 7 patients 33 72 
Kennedy et al 1999% 19 14 patients 5 patients 2 70 
Shapiro 20006 44 20 patients 24 patients 53 95 in early surgery 

63 in delayed surgery 
Buchner and Schiltenwolf 2002” 22) 18 patients 4 patients 3.9 77 
Thongtrangan et al 2004"! 17 All patients 1 100 
McCarthy et al 2007 42 26 patients 16 patients 5 88 
Man ageme nt Patients who wait more than 48 hours have a higher risk of 


Management of CES should be directed toward the under- 
lying causes. Detailed treatment options are beyond the 
scope of this chapter. Some general principles and contro- 
versial aspects in the timing of surgical intervention will be 
discussed. 


Nonsurgical management 


Some cases of CES can be treated medically, for instance 
infectious causes, which can be treated with antibiotics or 
antiviral medications.” Upon diagnosis of CES, and while 
the patient waits for a more definitive therapy, he/she will 
receive a high dose of intravenous steroid, analgesia, and 
catheterization if retention or high residual urine is present.” 


Surgical management 


The timing of early or delayed surgical decompression is 
still controversial. Several authors support early decom- 
pression, while others report favorable outcome with 
delayed decompression.”4!47? 


Early decompression within 48 hours: CES is considered 
to be a surgical emergency.*”4'3° Dinning and Schaeffer 
reported that decompression performed within 24 hours 
of diagnosis improved urological outcome.'’? Kennedy et al 
reported good sexual recovery after early decompression.*® 
They studied 19 patients, and they recommend decom- 
pression within 24 hours of presentation, especially when 
saddle anesthesia and/or bladder dysfunction are present.*? 
According to these authors, resolution of sensory and 
motor deficit, as well as bladder and bowel dysfunction, is 
significantly related to early decompression, within 48 hours. 


permanent impairment.” 


Delayed decompression after 48 hours: Kostuik et al 
reported clinical improvement when decompression was 
done several days after the onset of symptoms. They 
believed that the timing of surgery is less important than 
the severity of the initial symptoms.” Stephenson et al 
studied 45 patients with CES, divided into two groups in 
which surgery was done within or after 24 hours. They 
found that there was no difference in the outcome between 
the two groups.'*° Radulovic et al examined 47 patients 
who underwent surgery for CES; in 27 of the cases this was 
secondary to a herniated disc (57%). Decompression was 
done after the 7th day of the onset of symptoms. The 
authors concluded that there was no statistically significant 
difference in outcome between the onset of symptoms and 
the time of surgical decompression. Proper diagnosis and 
adequate treatment gave satisfactory outcome regardless of 
the timing of surgery.’ Gleave and Macfarlane advocate 
that a delay worsens the outcome for patients with CESI, 
but once CES evolves to urinary retention (CESR), the 
timing of surgery does not influence the final outcome. 
Thus, they recommended urgent surgery for patients who 
are still in the CESI stage.” 


Outcome 


Bladder function and sexual function take time to recover. 
This process may even take several years.”***'?! Sensory 
recovery is less complete than motor recovery.“ Saddle 
sensation is least likely to improve.“ The recovery from 
urologic symptoms in most cases is greater than 70% 
(Table 27.4). 
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Poor outcome factors include longer time delay since the 
onset of symptoms,*!”” saddle anesthesia, noncontractile 
detrusor,” bilateral sciatalgia or chronic LBP, old age,*?” 
and sudden onset of symptoms.*’ Following surgery, the 
persistence of saddle anesthesia and severe motor 
weakness,°! and the presence of urinary retention are bad 
prognostic factors as far as complete rehabilitation is con- 
cerned. Favorable outcome factors include prompt recog- 
nition of the correct diagnosis, absence of sensory deficit, 
and early treatment.’>*° 


Summary 


CES is a relatively rare condition caused by any space- 
occupying lesion that leads to compression of the nerve 
fibers which constitute the cauda equina. The lesion must 
compromise the nerve fibers within the cauda equina bilat- 
erally to be responsible for CES. This condition is charac- 
terized by LBP, saddle hypoesthesia or anesthesia, and 
sacral (i.e. lower urinary tract, bowel, and sexual) dysfunc- 
tion. Early diagnosis and treatment can improve the out- 
come of these patients. Timing of surgery, however, is still 
subject to controversy. 
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Tumors of the spinal cord 


Homero Bruschini, J Pindaro P Plese, and Miguel Srougi 


Tumors compromising the neural transmission at the 
spinal cord can originate in the bone structures or tissue 
extensions involving the spinal cord and in the neural 
structures existing inside the bone framework. 

Spinal cord tumors constitute 15% of the central 
nervous system neoplasias. They are divided according to 
their relation to the duramater into extradural, intradural but 
extramedullary, and intramedullary’ (Figure 28.1). Intradural 
spinal-cord tumors are less common.? In a few cases an 
intramedullary and an extramedullary component may 
coexist, with communication through the entrance of the 
nerve root or at the conus medullaris—filum terminale 
transition. Some intradural tumors extend through the 


nerve root sheaths to the extradural space. Intradural 
extramedullary tumors comprise about 45% of intradural 
tumors in children.’ 

An accurate diagnosis is crucial to determine the prog- 
nosis and direct therapy. Magnetic resonance imaging has 
revolutionized the diagnosis of intraspinal tumors, allow- 
ing for early detection and improved anatomic localiza- 
tion.‘ It has also become fundamental for staging primary 
and metastatic neoplasms. 

Bladder and sphincter dysfunctions are rarely the first 
symptoms in these patients, but they may coexist with other 
complaints, usually as a late presentation. Scientific commu- 
nications specifically on this topic are scarce in the literature. 


ws 


Figure 28.1 

Anatomic relationship of spinal tumors 
with other spine structures: 

(A) intramedullary tumor; (B) filum 
terminale ependymoma; (C) extradural 
neurofibroma; (D) intradural 
extramedullary meningioma; 

(E) schwannoma growing through the 
vertebral foramina. 


J 
; 
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Incidence of tumors in adults (after Schwartz 
and McCormick!) 


Extramedullary Intramedullary 

(two-thirds (one-third 

of cases) % of cases) % 
Nerve sheat tumors 40 Ependymoma 45 
Meningioma 40 Astrocytoma 40 
Filum ependymoma 15 Hemangioblastoma 5 
Miscellaneous 5 Miscellaneous 10 


Intradural extramedullary 
tumors 


About two-thirds of the so-called adult spinal cord tumors 
are extramedullary (Table 28.1). Schwannomas, menin- 
giomas, and ependymomas comprise 95% of the extraspinal 
tumors. The other 5% are intradural metastases, inclusion 
cysts, paragangliomas, and melanocystic neoplasias. With 
few exceptions, intradural extramedullary tumors are 
benign and surgically excisable. 


Types of tumor 


Tumors derived from the neural 
sheath 


These consist of neurinomas or schwannomas. They consti- 
tute about 25% of all the intradural adult tumors and the 
annual incidence is 0.3 to 0.4 per 100 000 of the population. 
The most frequent presentation is as a single lesion in the 
vertebral channel, in the 4th to 6th decades of life, with no 
gender differentiation (Figure 28.2). The most affected 
regions are the dorsal roots, with 30% growing through the 
vertebral foramina in an hourglass shape. About 10% can 
be exclusively extradural. Only 1% originate from the 
perivascular neural sheaths of the penetrating medullary 
circulation vessels. Malignant tumors comprise only 2.5%, 
mostly associated with neurofibromatosis, and they have a 
poor prognosis, with an average survival of one year. 


Meningiomas 


These originate from the arachnoid cells close to the nerve 
exit, which explains its lateral localization. They occur in a 
frequency similar to the neural sheath tumors. They can 
affect people of any age; however, most arise in the 5th to 
7th decade, with 80% in the thoracic segment (Figure 28.3). 
They sometimes occur in the high cervical area, and at the 


Figure 28.2 


MRI of a large neurinoma. 


craniovertebral junction, such as the magnum foramina. 
About 90% of spinal meningiomas are intradural. They are 
more suitable for surgical excision than the intracranial 
meningiomas, since they do not invade the pia mater. This 
is due to the presence of a leptomeningeal cellular layer 
between the pia mater and the arachnoid in the spinal area, 
different from the cranial region. 


Ependymomas 


The filum terminale ependymomas correspond to 40% of 
spinal ependymomas (Figure 28.4). Other rare presenta- 
tions of filum terminale tumors are astrocytomas, para- 
gangliomas, and oligodendrogliomas. The usual histologic 
pattern is a benign myxopapillary ependymoma, which is 
more aggressive in young patients. 


Other tumors 


Less common tumors are those derived from embryologic 
disorders, such as dermoid cysts, lipomas, teratomas, and 
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Figure 28.3 


MRI of an extramedullary intradural thoracic meningioma. 


neuroenteric cysts. They occur mainly in the lumbar and 
thoraco-lumbar areas. Other causes are malformations 
such as spina bifida and occult racheschises. Some non- 
neoplastic lesions can simulate tumors, such as arachnoid 
cysts? and dural inflammations such as sarcoidosis and 
tuberculosis. 


Clinical findings and 
treatment 


These tumors grow slowly. The clinical findings are mainly 
a consequence of compression and depend on its localiza- 
tion. The usual complaint is pain and some enervation 
impairment of the corresponding area. Tumors of the 
craniovertebral junction and magnum foramina are 
mostly ventral, causing suboccipital pain and weakness of 
the arm, with atrophy of the intrinsic muscular compo- 
nents of the hands. The physiopathology may be related to 


local venous insufficiency. Tumors in a high cervical 
position may cause hydrocephaly due to higher levels of 
protein and decreased liquor absorption. Segmental 
motor deficiency together with signs and symptoms of the 
involvement of the spinothalamic and corticospinal tracts 
suggests lesions of the medium and low cervical segments. 
They generally cause premature and asymmetric symp- 
toms. Thoracic tumors particularly compromise the corti- 
cospinal tract. This is usually signaled by complaints of 
rigidity and spasticity together with distal weakness of the 
arms, as a consequence of the initial participation of the 
peripheral fibers. Tumors of the dorsal median line ini- 
tially cause gait ataxia due to compression and loss of sen- 
sitivity of the posterior column. Bladder and sphincter 
dysfunction is unusual and may present only as a late 
symptom. Filum terminale ependymomas usually present 
as lumbar pain, with irradiation to the legs. In these cases, 
worsening of symptoms when taking the horizontal dorsal 
position is indicative of large extramedullary tumors, 
especially at the cauda equina. Intraoperative monitoring 
of bladder function during spinal cord surgery in a few 
cases including ependymoma of the cauda equina and cer- 
vical intramedullary tumors has been reported.° This 
method proved unsuitable for intramedullary tumors, but 
is an effective tool for identifying bladder efferent nerves 
at the cauda equina. The practical use of this approach has 
yet to be tested. 


Intramedullary tumors 


Around 80% of spinal cord intramedullary tumors are 
glials (originating from the central nervous system) and 
histologically benign. They include astrocytomas, ependy- 
momas, and, less frequently, gangliogliomas, oligoden- 
drogliomas, and subependymomas. Hemangioblastomas 
comprise 3 to 8% of intramedullary tumors. Less than 5% 
of these tumors are metastatic lesions, usually from pri- 
mary tumors of the lung and breasts. The other 10 to 15% 
of these tumors are inclusion cysts, tumors from the neural 
sheath, neurocytomas, and melanocytomas. Some lesions, 
such as tuberculosis, bacterial abscesses, sarcoidosis, and 
multiple sclerosis, can simulate neoplasia. Differential 
diagnosis is suggested by the rapid course of symptoms in 
the real tumors. A recent series of 48 patients with 
intramedullary tumors presented ependymoma in 67% of 
cases, followed by lipomas, gangliomas, astrocytomas, and 
hemangioblastomas.’ 

Three percent of all astrocytomas are located at the 
spinal cord. They can be found at any age, being more fre- 
quent in the first three decades of life. Ninety percent of the 
pediatric intramedullary tumors in the first 10 years of life 
are astrocytomas. They are associated with syringomyelia in 
20% of cases. Around 60% of them occur at the cervical or 
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Figure 28.4 
(a) MRI of an ependymona of cauda equina. (b) Surgical aspect of 
the tumor. 


cervico-thoracic transition. It is known that intramedullary 
astrocytomas tend to be associated with neurofibromatosis 
type 1. 

Malignancy varies from low-grade pyelocystic astrocy- 
tomas to anaplastic astrocytoma or glioblastomas. Malignant 


tumors are more frequent in the pediatric population. In 
adults, 25% of tumors are malignant, whilst ependymomas 
are the most frequent tumor, with equal gender commit- 
ment. They occur in association with syringomyelia 
in 65% of patients, especially in those tumors located at the 
cervical area. Mutations of gene NF 2 are associated with 
ependymomas. Most of the wide variety of histologic 
presentations are benign. The most frequent is the fibrillar 
ependymoma. Besides the absence of a true capsule, 
they are well limited and without infiltrating adjacent 
structures. 

Hemangioblastomas are intramedullary in 3 to 8% of 
cases. They are present in 15 to 25% of cases of von 
Hippel—Lindau syndrome, occurring in all ages except in 
childhood. Implantation in the pia mater is the rule, 
mainly in the dorsal and dorsolateral areas. They also do 
not have a true capsule, being localized and benign lesions. 

Intramedullary metastatic lesions are unusual, occurring 
in less than 5% of cases. 


Clinical findings and 
treatment 


Clinical manifestations of these tumors are quite variable. 
Initial complaints are nonspecific and start 3 to 4 years 
before the diagnosis. There have been cases diagnosed at 
a chiropractic clinic after intermittent backache for some 
years, without any other symptom or with mild and irrel- 
evant bowel and bladder dysfunction.’ In adults, pain and 
weakness are the most frequent initial symptoms. 
Malignant neoplasias have a shorter evolutionary course. 
A sudden neurologic impairment suggests intratumoral 
bleeding, being more frequent in ependymomas (Figure 
28.5). The pain is usually in accordance with the level 
of the lesion. Upper extremity symptoms predominate 
in cervical lesions. Thoracic tumors cause spasticity 
and sensorial problems due to involvement of the poste- 
rior portion of the medulla and thalamo-spinal tracts. 
Lumbar tumors promote pain in the posterior areas of 
the thighs and feet, simulating radicular pain. Bladder 
and sphincter symptom participation is unusual, occur- 
ring most in advanced stages of medullary and cauda 
equina compression. A review of 48 patients showed pain 
as the first symptom in 50%, sensory alterations such as 
paresthesias and dysesthesias in 35%, and gait problems 
in 15%, with no urinary or bowel complaints as first 
manifestation.’ 

Magnetic resonance imaging is the method of choice to 
detect these tumors. Early detection favors a curative ther- 
apeutic approach. Subtotal aggressive surgical excision 
seems feasible in two-thirds of cases, and should be the tar- 
get when possible, with an improved or stable situation 
resulting in over 65% of patients.” 
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Figure 28.5 

MRI of an intramedullary cervical ependymoma. Bleeding of the 
tumor, as seen in the upper portion of the figure, caused a 
sudden worsening of symptoms. 


Metastatic spinal lesions 


The spinal muscular and bone structures are the third 
most common place for metastasis, after the lungs and 
liver. Vertebral bone metastasis occurs in 10% of malig- 
nancies, being the most common spinal tumors. 
Extradural compression represents 97% of spinal cord 
metastatic lesions.’ Metastasis usually arises in the poste- 
rior aspect of the vertebral body, with later invasion of the 
epidural space (Figure 28.6). Pathophysiologically, vascu- 
lar insufficiency is more important than direct spinal cord 
compression.!° 

Neoplastic cells reach the spine through the arterial or 
venous hematogenic pathway, or through direct extension. 
The vertebral venous plexus of Batson is the main route for 
dissemination of breast, intrathoracic, intra-abdominal, 
and pelvic tumors to this area. The absence of valves in 
these blood vessels allows neoplastic cells to disseminate to 


the bone, without passing through lung and liver filters. 
The most frequent primary tumors to give metastasis to 
this area are breast,'! lung,'?"'* uterus,” kidney, and 
prostate.'° In around 10% of metastases, a primary tumor 
is not immediately found. Recently, with the evolution of 
neoplasia, 50% of undetectable primary tumors show a 
lung origin. Anecdotal cases of primary nervous system 
tumors such as multiform glioblastomas causing vertebral 
metastasis have been reported." 


Clinical findings and 
treatment 


Insidious and progressive pain is the first complaint in 
vertebral metastasis in 90% of patients, followed by weak- 
ness, sensory complaints, and lost of voluntary control of 
sphincters. In a study of symptoms carried out in 153 
patients with metastatic compression of the spinal cord or 
cauda equina,'* radicular pain was predominant in cases 
with metastases located in the lumbar area, while the 
severity of motor symptoms was positively correlated with 
thoracic metastases. The most frequent initial symptom 
was radicular pain, followed with decreasing frequency by 
motor weakness, sensory complaints, and bladder dys- 
function. 

The nocturnal worsening of symptoms is very charac- 
teristic. A sudden aggravation of pain suggests pathologic 
fractures and additional compressions. Increased pain with 
movement means vertebral instability. Around 87% of the 
patients receive an initial diagnosis of fibromuscular pain. 
Recent dorsal pain in oncologic patients should be investi- 
gated as potential metastasis. Early diagnosis is related to 
better treatment evolution. Concomitant activation of 
Herpes zoster, the Brown—Sequard syndrome, or ataxia at 
the level of medullary compression is unusual. 

Surgery for treatment of intramedullary spinal cord 
metastasis is controversial. Sporadic cases have been 
reported, with pain relief and improvement in bladder dys- 
function.” This procedure was recommended by Faillot et 
al in selected cases, which might benefit from an improve- 
ment in the quality and comfort of life, although it does 
not seem to affect the duration of survival. 

A retrospective analysis of clinical data concerning 140 
patients with spinal cord compression compared those 
submitted to surgical decompressive laminectomy fol- 
lowed by radiation therapy (127 cases) to those treated by 
primary radiation alone (26 cases). Combined therapy 
offered sphincter function improvement in 68% of cases, 
compared to an improvement in 33% with radiation alone. 
It seems that the treatment of choice for each patient must 
take into account his general condition, life expectancy, 
and the origin of the primary tumor.” 
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Figure 28. 6 
Breast neoplasia causing bone metastasis to T10 and invading 
the medullary space. 


Conclusions 


Bladder and sphincter complaints are seldom the first and 
sole symptom of spinal tumors.”’ Usually other signs of 
neural impairment, such as pain, or sensory or motor weak- 
ness, precede it. The urinary dysfunction is initially over- 
looked in these patients and total attention is in general 
directed to the tumor itself and its treatment. The urologists 
rarely see these patients before the neurosurgical approach. 

When urinary dysfunction results, it is related to the 
localized area involved rather than to the tumor type. 
Urodynamic examination should be employed to identify 
the level of the lesion and the urotherapeutic approach. 
Underlying disease and life expectancy should establish the 
type of bladder management in patients with neoplastic 
spinal cord involvement.” Those with stabilized sequel 
lesions and potentially curative disease should be submit- 
ted to a full bladder rehabilitation program, as described in 
other chapters of this book. Those with spinal tumors not 
eligible for bladder rehabilitation and needing only tempo- 
rary urinary care may be managed with a transurethral, or 
preferably a suprapubic, catheter. 
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Tethered cord syndrome 


Shokei Yamada, Brian S Yamada, and Daniel J Won 


Introduction 


Tethered cord syndrome (TCS) is a stretch-induced func- 
tional disorder of the spinal cord caused by the anchoring 
of its caudal end by an inelastic structure. The neurologic 
dysfunction with TCS can be attributed to lumbosacral 
cord lesions, and is reversible if cord-untethering surgery is 
done at an appropriate time. Clinical and basic research 
has indicated that oxidative metabolism is impaired in 
the tethered spinal cord and that there is a link between 
recovery from the neurologic dysfunction and oxidative 
metabolism when the stretched cord is released.’ 

This chapter seeks to increase urologists’ understanding 
of TCS and the importance of early diagnosis and treat- 
ment in patients with associated urinary incontinence. The 
discussion includes pathophysiology, symptomatology, 
treatment, and prognosis of TCS patients. Since TCS is 
associated with anatomic abnormalities, many clinicians 
still believe erroneously that the congenital dysraphic 
anomalies are synonymous with TCS. This misunderstand- 
ing of TCS is accentuated by the terms derived from visual 
impressions of anatomic abnormalities, such as ‘cord teth- 
ering’ and ‘tethered cord? To clarify these expressions, the 
authors formulate three categories and define those 
patients in category 1 as clearly representing TCS.’ 


History of TCS 


In the early twentieth century, several surgeons and radiol- 
ogists suggested the concept of a tethering-induced spinal 
cord lesion.** In 1940, Lichtenstein’ attributed paraplegia 
and Chiari malformation to the downward spinal cord 
traction by the caudally located spinal dysraphism (e.g. 
myelomeningocele). This hypothesis was not accepted by 
Barry et al,!° Barson,"' or Gardner et al.!* Two major ques- 
tions were unanswered: first, if tethering-induced symp- 
toms exist, what part of the nervous system is affected? 
Second, what is the pathophysiologic basis for any 
reversible lesion? 


In 1976 Hoffman et al” localized reversible lesions in the 
lumbosacral cord anchored by an inelastic thickened filum, 
and adopted the term ‘tethered spinal cord’. In 1981, 
Yamada et al' demonstrated that oxidative metabolism was 
impaired in the lumbosacral cord of TCS patients and that 
neurologic improvement from untethering was accompa- 
nied by parallel metabolic improvement. Since then, 
articles referring to ‘TCS’ and ‘tethered spinal cord’ have 
increasingly appeared in the neurosurgical literature.'*'° 


Categorization of TCS and 
similar disorders 


Yamada and Won? divided the conditions visually 
described by ‘cord tethering’ or ‘tethered cord’ into three 
pathophysiologic categories. 


e Category 1: The mechanical tethering site is located at 
the caudal end of the spinal cord. Lumbosacral cord dys- 
function can be reversible. Patients with an inelastic 
filum, sacral myelomeningocele (MMC), and caudal 
lipomyelomeningocele (LMMC) belong to this category. 

e Category 2: The anomalies are attached or continuous to 
the dorsal aspect of the lumbosacral cord. Many MMCs 
and some of the dorsal or large transitional LMMCs 
belong to this category. The symptomatology may be 
partly the manifestation of TCS, and partly due to local 
compressive or ischemic effects, or it may result only 
from the latter. Impaired cerebrospinal fluid circulation 
may accentuate local cord dysfunction. Accordingly, 
signs and symptoms are only partially reversible, or 
unchanged after repair surgery. Some cases often require 
repeated surgery, sometimes resulting in progressive 
neurologic worsening, but not as a sign of TCS. 

e Category 3: This category includes patients with no 
signs and symptoms of TCS, although the spinal cords 
in these patients appear to be tethered in MRI studies 
and at surgery. One subgroup of category 3 patients 
includes paraplegic and totally incontinent patients 
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associated with higher lumbar or thoracic MMCs or 
occasionally by LMMCs. No functional neurons exist in 
the lumbosacral cord. Another sub-group includes 
asymptomatic patients with an elongated cord and a 
thick filum because the syndrome is meant to be a 
special neurologic complex. 


Embryology 


The anomalies related to TCS originate in two developmental 
stages.'*! The first stage is complicated by incomplete neu- 
rulation during the 3rd to 4th week of gestation. Failure to 
connect two neural crests for the formation of the neural tube 
results in spinal dysraphism.'>”! The 9th to 11th week of the 
gestation period corresponds to the second stage. At the 9th 
week, the permanent spinal cord forms, with its caudal end 
located in the coccygeal canal. Further caudally, the coccygeal 
medullary vestige is formed and then separated from the 
conus-—filum complex. If the vestige, which is surrounded by 
mesenchymal tissue, is not isolated, fibrous tissue may con- 
tinue to grow into the filum, resulting in an inelastic filum. 


Epidemiology 


The epidemiology of the TCS is not clear, although the 
incidence of the midline dorsal anomalies has been 
reported. Demographic studies in the Unites States have 
shown that myelomeningoceles and other midline dorsal 
anomalies occur in 1 out of 1000 births.'*”* A child with a 
sibling who was born with spinal dysraphism has a higher 
probability of this anomaly. 

There are no generally accepted statistics available for 
the incidence of TCS. From our experiences, less than 10% 
of category-1 patients are found in the spina bifida clinic 
among newborns. It is not possible to determine whether 
neurologic deficits of newborns with category—2 patients 
are related to TCS at the MMC repair. Patients with LMMC 
are found less frequently than MMC, and the incidence of 
TCS is higher than that of MMC. Fifty percent of adult and 
late teenage patients with TCS associated with an inelastic 
filum (with or without filum thickening) were referred to 
our clinic as the diagnosis of failed back surgery syndrome 
(Yamada S, unpublished work). We believe that institu- 
tional studies are needed to collect systematically arranged 
data, based on populations of three categories. 


Pathophysiology of TCS 


The link between neurologic function and metabolic activ- 
ity is not surprising since the central nervous system (CNS) 


relies absolutely on oxidative metabolism to produce ATP, 
which is the energy-donating molecule necessary for neu- 
ronal function and cell survival.” Experimental tethered 
spinal cords have shown that impairment of oxidative 
metabolism parallels that of glucose metabolism, and 
diminished interneuron activities in the spinal cord,” and 
blood flow decreases.” Of relevance to the impaired 
oxidative metabolism in human TCS,” mild to moderate 
spinal cord stretching had effects similar to mild hypox- 
emia,” while severe stretching had the effects expected 
from prolonged ischemia.*! 

Experimental cord traction studies have also indicated 
that, with increasing traction weight, there was greater cord 
elongation that paralleled greater metabolic changes. Such 
metabolic changes were more prominent in the caudal seg- 
ments than in the cephalic segments (Figure 29.1a,b), 
and were not found above the lowest pair of the dentate lig- 
aments (attachments to the T12-L1 cord segments).*” 
Accordingly, the human conus medullaris is most vulnera- 
ble to traction at the caudal end.!***4 


Symptomatology 


Various authors have described signs and symptoms in 
children!**> and adults.*°?”** In infants, the signs and 
symptoms of TCS include dribbling of urine (constant wet- 
ting of diapers), foot deformity, skin stigmata, and a dys- 
raphic dorsal midline spine or spinal cord. Skin 
abnormalities include a tuft of hair, fatty swelling, dimple, 
hemangioma, and dermal sinus in the lumbosacral areas. 
Young children with TCS show progression of the following 
signs and symptoms: (1) stumbling after walking normally 
for months or years; (2) dribbling urine after successful toi- 
let training, (3) foot drop, (4) painless sore, (5) scoliosis and 
exaggerated lumbosacral lordosis. Early teenagers with TCS 
present with only a few mild symptoms, such as scoliosis, 
difficulty in bending over, or difficulty in running, often 
associated with thinning of lower limb muscles. A com- 
plaint of back and leg pain is more frequently found in this 
group than in the younger children, usually aggravated by 
exercises that include flexion—extension of the spine. 

For diagnostic and prognostic purposes, Yamada et al 
divided adults and late teenage patients with TCS into two 
groups.***? Group 1 patients have a prior history of spinal 
dysraphism associated with stabilized neurologic signs and 
symptoms from childhood. They usually present with 
subtle progression of the signs and symptoms in adult- 
hood. Group 2 patients present with new subtle neurologic 
symptoms in adulthood without associated spinal dys- 
raphism. Group 2 patients are easily overlooked because 
they present with subtle, specific symptomatology and 
radiologic findings. In particular, MRI studies show neither 
cord elongation nor filum thickening in 50% of the 
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(a) By caudad traction of the filum, elongation of the filum and cord segments was measured in experimental cats. The graph shows the 
elongation rate of the filum (with a steep rise) and slow rise of the spinal cord segment (division 2 being the lowest and division 6 being 
the highest lumbar cord segment). Viscoelasticity of the filum is much greater than that of the spinal cord. This experimental model 
simulates the normal lumbosacral cord that is protected from overstretching when an intense vertical traction force is exerted. (b) By 
caudad traction of the spinal cord tip, the lowest cord segment elongates much more than when the filum was tractioned, but less than 
the filum in (a). The other cord segments also elongate more than in the case of filum traction. This model simulates the human 
tethered spinal cord, in which the conus is most vulnerable to stretching force exerted in the causal direction. (Reproduced with 
permission from the American Association of Neurological Surgeons, Rolling Meadows, IL, USA) 


patients. In order to properly diagnose group 2 TCS 
patients, signs and symptoms common to the patients of 
this group were tabulated. More than 90% of signs and 
symptoms were positive in all the adult TCS patients.*° 
Commom symptoms are: 


1. back and leg pain, particularly aggravated by postural 
changes, and by other activities such as: 


sitting with legs crossed in a Buddha pose 
bending over the sink 

holding a baby at waist level 

lying supine 

sitting in a slouching position. 


increasing difficulty in urination and bowel control 
physical stress-related complaints, such as decreased 
tolerance to running or walking, and driving a car, 
especially on bumpy roads. 


Common signs of TCS in adults are: 


weakness of distal muscles, e.g. extensor hallucis 
longus, or extensive muscle weakness in the lower limbs 
in scattered myotomes, and hypotrophic leg muscles 
hyporeflexia in the lower limbs 

sensory deficits in the distal lower limbs and perianal 
area, or extensive hypalgesia in lower limbs with patchy 
distribution 
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Combination of spinal cord tip location and filum thickness 


ma 


4. increases in postvoid residual urine 

5. diminished sphincter tone: reflex (digital insertion, 
voluntary contraction, and wink reflex) 

6. musculoskeletal deformities such as: 


e spinal: exaggerated lumbosacral lordosis and 
thoracolumbar scoliosis 
e legor foot: high-arched feet, hammertoes. 


Negative signs and symptoms such as no pain aggravation 
in lower limbs on coughing and straight leg raising are impor- 
tant for differential diagnosis from herniated lumbar disc. 

Reflex changes are important signs for the diagnosis of 
TCS. Somatic reflex activities have been clearly explained 
by the facilitation and inhibition of reflex arcs.**® Patients 
with TCS usually show hypoactive tendon reflexes in the 
lower limbs, since the lesions are located in the gray matter 
and the reflex arcs are inactivated. If hyperactive tendon 
reflexes are noted, another lesion must be suspected above 
the L2 cord segment, including diastomatomyelia, congen- 
ital spinal diplegia, and cerebral anomalies (e.g. Chiari 
malformation). Bladder control relies on complex reflex 
mechanisms through the parasympathetic, sympathetic, 
and somatic systems. 


Imaging diagnosis 


MRI is the most effective, noninvasive diagnostic technol- 
ogy for TCS, although radiography, CT scan, and ultra- 
sound studies provide useful background information 
on the anomalies that may be related to TCS.°*?~“¢ CT 
myelography is useful for patients with claustrophobia, or 
a cardiac pacemaker, and ultrasonography is useful for 
detecting an inelastic filum in newborns. It is important, 
however, to clinically assess imaging studies for correlation 
with the signs and symptoms of TCS. 
Common MRI findings are: 


1. an elongated cord® or thickened filum (> 2 mm) is 
frequently noted**? 

2. aconsistent finding in TCS patients is the posterior dis- 
placement of the conus and filum, indicative of its 
inelastic nature.’ The filum touches the posterior 
arachnoid membrane usually at the L5 or S1 lamina. 
Detailed axial T1 and T2 weighted views are mandatory 


Normal range of caudal end (above L2-L3 interspace) and filum thickness < 2 mm: 30 cases (28.8%) 
Normal range of caudal end and abnormally thick filum: 7 cases (6.7%) 

Low-lying caudal end and normal range filum thickness: 30 cases (28.8%) 

Low-lying caudal end and abnormally thick filum: 37cases (35.6%) 


3. spinal dysraphism, such as MMC, LMMC, lipomas 
4. a fat signal in the filum helps to confirm its posterior 
displacement. 


The following imaging features can be indicative or 
suggestive of TCS: 


e MMC, lipoma, and LMMC continuous to the caudal 
spinal cord (category 1, true TCS) 

e MMC, lipoma, and LMMC attached to the dorsal 
aspect of the lumbosacral cord (category 2), a dermal 
sinus tract continuous to the caudal spinal cord 

e epidermoid or dermoid tumor located in the sacral 
canal 

e a bony septum or split cord. 


An increasing number of patients with TCS who failed to 
show cord elongation (with the caudal end above the L1-2 or 
L2-3 interspace)*””” and filum thickening (<2 mm) have been 
reported. The location of the caudal end of the spinal cord and 
the diameter of the filum in 104 cases are shown in Table 
29.1.8 Of these cases, 16 (15%) had a caudal end located at 
the L3 vertebral level, which was not clearly identified by MRI 
studies, for the reason that the attachment of the 100-150 um 
coccygeal nerve root was beyond the MRI resolution. 


Diastemetomyelia and 
split cord 


Pang extensively studied the split spinal cord and associ- 
ated TCS.“ Here spinal cord is divided into two halves, side 
by side. The partition can be a bony septum, dura, or 
arachnoid membrane. The tethering site can be the upper 
edge of the bony septum,” the lower edge of the bony sep- 
tum,” or the junction of the conus and filum (or one of the 
double fila continuous to split hemicords).*° 


Surgical indications 


Surgical treatment is indicated when there are consistent or 
progressive signs and symptoms of TCS such as those 
described above. Subtle neurologic changes, especially 
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incontinence, and musculoskeletal deformity progression, 
must be watched carefully. In particular, TCS with inconti- 
nence should not be overlooked, because of its tendency to 
become quickly irreversible. 15333752 

The usefulness of prophylactic sectioning of the thick 
filum to prevent future development of TCS is debat- 
able.*#°?4 Based on their experience, however, Hoffman 
et al recommended surgical repair of LMMC for cord unteth- 
ering at 4 years of age, even for asymptomatic patients.” 


Surgical techniques 


The basic techniques of untethering procedures of the 
spinal cord for treatment of TCS have been briefly 
described'*!>?49.52°° in this section. 


1. Tethered cord syndrome with an inelastic filum, including 
a thickened filum continuous to the elongated cord. The 
patients in this group belong to category 1. A 1-cm long 
segment of an inelastic filum is resected with its cephalic 
end 0.5 cm below the junction, and the specimen is his- 
tologically examined to prove that the filum is inelastic 
due to replacement of glial tissue by fibrous or fibro- 
adipose tissue. The lowest coccygeal nerve root exit is a 
landmark for the junction of the conus and filum.*? 

2. Lipoma or lipomyelomeningocele (LMMCs) (Figure 
29.1.) General surgical techniques consist of adequate 
resection of a fibroadipose mass for cord untethering. 
Total resection of the caudal lipoma and caudal LMMC 
can be accomplished without causing neural damage. 
The dorsal and transitional LMMC are usually resected 
flush to the spinal cord surface. Tight closure of 
meninges is mandatory after repair of LMMC for pro- 
tection of neural structures. 5767 

3. Myelomeningoceles (MMCs). Patients with the MMC 
located at the caudal end of the spinal cord (category 1) 
are expected to have the same excellent benefit from 
surgical repair as those with an inelastic filum. Those of 
category 2 or 3 require careful dissection of the neural 
placode to prevent further cord damage and postoper- 
ative adhesion.'* 


Incontinence 


Pathophysiology of 
incontinence in TCS 


Storage and emptying are the two fundamental functions 
in the human lower urinary tract. These are voluntarily 
controlled by the cerebral centers and by reflex coordina- 
tion of the spinal cord centers through the parasympa- 
thetic and sympathetic systems which regulate bladder and 


sphincter contraction. The bladder’s natural distensibility 
allows it to hold low intravesical pressure (<10 cmH,O) 
without high sphincteric resistance until the urine volume 
reaches a certain amount.***! 

Studies indicate that the conus is highly vulnerable to 
cord traction.'**4” Accordingly, control of bladder func- 
tion is often lost earlier than motor and sensory function in 
the lower limbs. Since the main lesion of TCS is located in 
the gray matter,' and not in the long tract, impaired 
synaptic transmission in the conus is likely responsible for 
loss of normal micturition. 

Parasympathetic fibers are distributed to the bladder and 
urethral sphincter. Afferent fibers from the bladder travel in 
the pelvic nerve and enter the conus through the posterior 
sensory ganglia. These sensory fibers then reach the inter- 
mediolateral column, and synapse with the efferent fibers, 
forming the reflex arcs. The afferent fibers from the sphinc- 
ter travel in the pudendal nerve, and enter the conus 
through the posterior sensory ganglia, and then to the inter- 
mediolateral column for synaptic connection to the efferent 
fibers. The efferent fibers reach the bladder and sphincter 
through the same pathways as in the reverse direction. 

The sympathetic system, with its spinal cord center in 
the intermediolateral column of T10—L2 cord segments, is 
distributed to the bladder and sphincter through the 
hypogastric nerve. The efferent fibers join the parasympa- 
thetic fibers in the pelvic and pudendal nerves, and the 
afferent sympathetic fibers take similar pathways to those 
of the efferent fibers. Because of their much higher location 
than the conus, the sympathetic reflex arcs in the spinal 
cord are not involved in the TCS lesion. 

Other reflex arcs are organized by the parasympathetic 
afferent system and central somatic efferent system. 
Impulses from the bladder and sphincter are carried 
through the parasympathetic afferent fibers, ascend in the 
spinal cord, and reach the cerebral and pontine micturition 
centers. The efferent fibers from these centers descend in 
the corticospinal tract and control bladder and sphincter 
balance.386063-64 

Although similar cerebral control mechanisms were 
found for excitation and inhibition of bladder activities 
between the somatic and autonomic systems, lesions in 
the spinal cord are manifested differently.” Considering 
the loss of motor innervation to the bladder caused by 
injuries of peripheral parasympathetic fibers,°”°>° Blaivas 
suggested from his own urodynamic studies that TCS 
results in one of two abnormalities; (1) areflexic, hypo- 
tonic bladder or (2) areflexic hypertonic bladder.*? 
Although areflexic hypertonic bladder explains frequent 
micturition of a small amount of urine in patients with 
spinal cord injuries, how a conus lesion could result in this 
condition was not clarified. Ruch’s analysis of hypertonic 
bladder (increased tonus) due either to the postgangionic 
parasympathetic excitation or to bladder muscle contrac- 
ture may be responsible.” 
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Presentation of urinary 
control dysfunction 


According to Hadley and Holevas,® bladder dysfunction is 
an associated complaint in 40% of patients with TCS, and 
the exclusive complaint in 4%. Yamada and Lonser 
reported that 78% of adults with TCS experienced difficul- 
ties with bladder control.” 

A careful history and physical examination is required, 
especially related to the function of storing and emptying 
urine, including: 


1. diurnal and nocturnal voiding patterns 
2. urgency 
3. dysuria 
4. hesitation 
5. sensation of fullness, and voiding 
6. ability to interrupt or inhibit micturition 
7. straining to void 
8. incontinence 
9. erection, emission, and ejaculation 
10. bowel habits and continence 
11. testing the bulbocavernosus muscle and anal wink 
reflex. 


From our experience, incontinence becomes evident when 
parents check diapers every 15 minutes for one hour, 3—4 
times a day. After a few days, such parents typically report 
that the diapers are constantly wet. When children reach 
one year or older, the parents notice slow adjustment or 
fluctuation in the child’s toilet training, or that the child 
has developed incontinence after successful toilet training. 

As TCS patients grow older, they often exhibit a lack of 
normal urinary stream (as compared with other boys), dif- 
ficulties with voiding (initiating or completing urination 
and dribbling postvoiding), or increasing frequency. Adult 
and late teenage patients and may complain of urinary hes- 
itancy, slow urinary stream, or stress urinary incontinence. 


Urodynamic studies 


In separate reviews of urodynamic studies in TCS patients 
with urologic complaints, Hellstrom et al” found detrusor 
areflexia in 50%, hyperreflexia in 26%, mixed lesions 
(decreased compliance and involuntary contractions) in 
12%, sensory urgency with decreased capacity in 12%, and 
normal studies in 12%. 


Imaging studies 


For urologic evaluation, Khoury et al recommend a lum- 
bosacral X-ray and voiding cystourethrogram (VCUG).*! 


Lumbosacral X-ray is helpful in identifying bone spinal 
abnormalities.°* This test may also help establish the possi- 
bility of neurogenic bowel by identifying a significant 
amount of fecal material in the colon. VCUG helps to 
evaluate for vesicoureteral reflux, neurogenic or atonic 
bladder, and bladder outlet obstruction. 


Treatment 


Several studies have documented improved voiding func- 
tion following surgical release of tethered cords. Khoury 
et al reported resolution of daytime incontinence and 
detrusor hyperreflexia in 72% and 59% of patients, respec- 
tively, as well as improved compliance in 66%. Reviewing 
15 adults with TCS, Kondo et al found 60% of patients 
improved following untethering surgery, and identified 
three factors among the remaining 40% that imparted 
a poor prognosis: (1) symptoms for longer than 3 years; 
(2) loss of bladder sensation; and (3) severe tethering with 
the conus fixed to the bottom of the dural sac.”° 

The baseline bladder function of patients who develop 
TCS is often abnormal, and a significant number of 
patients who do not respond to untethering surgery will 
have residual neurogenic bladder dysfunction. Addressing 
their urologic problems in terms of the storage and empty- 
ing functions of the bladder facilitates management of 
these patients. In emptying failure due to detrusor areflexia 
(the most common pattern seen in these patients), an 
intermittent catheterization program is often most effec- 
tive. Some patients utilize abdominal straining augmented 
by the Crede’s maneuver (manual abdominal compres- 
sion) to attempt complete voiding. This technique rarely 
empties the bladder effectively and generates high intraves- 
ical pressures, which may ultimately be detrimental to the 
urinary system. Cholinergics (e.g. bethanechol) have been 
used in an effort to improve detrusor muscle contractility; 
however, they have not been shown to enhance bladder 
emptying. 


Case reports 


Two cases with TCS are presented, one representing 
category 1, and the other category 2 (Figure 29.2). 


Case 1 


A 4-year-old-girl began to have urinary dribbling after suc- 
cessful toilet training, starting 4 months before admission. 
Episodes of dribbling continued to increase. No other neu- 
rologic signs and symptom were noted. Spina bifida was 
demonstrated at S5 and the sacral spine on plain X-ray 
films (Figure 29.4). A large soft swelling of the left gluteal 
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Schematic drawings of the three types of lipomyelomeningoceles (LMMCs) include, counterclockwise: (a) upper left: the caudal (terminal) 
type. The interface of the spinal cord and the lipoma is located at the caudal extremity of the lower sacral or coccygeal cord. The fusion 
of the meninges (dura and arachnoid) with the spinal cord is located slightly caudal to the interface. (b) Upper and lower right: the 
dorsal type. The interface of the spinal cord with the lipoma is found at its dorsal aspect. A usually small subarachnoid space extends 
into or surrounds the fatty mass. (c) Lower left: the transitional type. The interface of the cord and lipoma is located in the posterior part 
of the caudal extremity and extends to the dorsal aspect of the cord. The anterior part of the caudal extremity extends to the filum 
terminale that continues caudad and is surrounded by cerebrospnial fluid, the arachnoid, and dura, and ends at the fatty sac wall. 


area (Figure 29.3) corresponded to the cerebrospinal fluid 
accumulation underneath the skin on myelography. 
Surgical repair of a caudal lipomyelomeningocele was per- 
formed and the caudal end of the spinal cord was discon- 
nected from fat tissue in the wall of the anomaly. The 
patient regained continence in 2 weeks. Intraoperative 
redox studies before and after surgical untethering showed 
remarkable oxidative metabolic improvement from the 
reduced state to the normally oxidized state. 


Case 2 


A 14-year-old girl was known as an infrequent voider in 
early infancy. At 3 years of age, toilet training was suc- 
cessful except for occasional enuresis. A the age of 7, 
enuresis became frequent and progressed to total inconti- 
nence, associated with lack of urgency or sensation of a 
full bladder. Urinary loss was related to overflow and to 
stress or Valsalva manuevers, requiring continuous pad 
protection. On examination, minimal suprapubic pres- 
sure would express urine. Two small dimples in the sacral 
area and pes cavus were noted. Neurologic findings 
included weakness of extensor hallucis longus, bilaterally 
hypoactive Achilles tendon reflex, and analgesia in the 
perianal area. Postvoid urinary residual was >200 ml. The 


urine was sterile. Plain films revealed spina bifida at S1 
through S5. VCUG showed bilaterally promptly function- 
ing kidneys, a cellule and diverticula formation in the 
bladder, right vesicoureteral reflux, and a large postvoid 
residual. A myelogram showed LMMC in the sacral level 
with a cord tip at the S2 level. Surgical repair of a large 
transitional LMMC consisted of removal of the entire 
fibroadipose mass, with dissection from the caudal end of 
the spinal cord. Within one week after the operation, the 
patient began to regain bladder control without evidence 
of stress incontinence. VCUG clarified resolution of the 
reflux and a normal residual urine. This patient under- 
went 18 urologic procedures from the age of 7 to 14 to 
manage her neurogenic bladder and vesicoureteral reflux. 
Redox studies showed postuntethering metabolic 
improvement. 


Discussion for isolated 
incontinence with TCS 


Recently, three groups of authors discussed incontinence 
in patients with ‘occult tethered cord syndrome’. These 
patients showed neither filum thickening nor cord elon- 
gation.’'~”* It is reasonable to assume that TCS may be 
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Figure 29.3 

Photograph of a caudal-type LMMC. The left gluteal swelling 
fluctuated. (Reproduced with permission from the American 
Association of Neurological Surgeons, Rolling Meadows, IL, USA). 


manifested by incontinence alone, because our experi- 
mental work has indicated that the conus medullaris is 
most vulnerable to traction-induced dysfunction. When 
the reliability of MRI findings was discussed by the ques- 
tionnaire,” all neurosurgeons agreed to surgical inter- 
vention in the presence of positive findings such as 
elongated cord, thick filum, fat signal in the filum on the 
patients who showed incontinence, along with motor 
and sensory dysfunction. Without such MRI signs, the 
neurosurgeons’ opinions were divided. To enhance the 
diagnosis of TCS in these patients, Yamada et al directed 
that special attention be given to MRI studies to detect 
posterior displacement of the conus and filum. 
Additionally in surgery, subarachnoid endoscopy con- 
firmed this finding, and further stretch test proved a lack 
of filum elasticity.*+74 

Subsequently the three groups of authors advocate that 
extensive lower urinary tract testing be done before deci- 
sion-making.”* In our experience, however, most adult and 
late teenage patients showed negative renal and bladder 
tests. The most frequent positive finding was an elevated 
postvoid urinary residual. There were 50 group-2 patients 
of whom 36 complained of urinary incontinence; 92% of 
incontinent patients had a postvoid residual of greater than 
50 ml. After untethering surgery, more than 94% of them 
reported resolution of incontinence within 2 days to 1 
week, and had an associated decrease in residual to 0—20 ml 
(Yamada S, Yamada BS, unpublished work). 


Figure 29.4 

A plain film shows spina bifida of the sacral spine. (Reproduced 
with permission from the American Association of Neurological 
Surgeons, Rolling Meadows, IL, USA). 


Voiding symptoms and 
incontinence after surgical 
untethering 


The majority of patients regained control of bladder func- 
tion after untethering procedures, as described earlier by 
Khoury,” and by Fukui and Kakizaki” who showed reso- 
lution of incontinence associated with detrusor-external 
urethral sphincter dyssynergy. However, the baseline blad- 
der function in patients who develop TCS is often abnor- 
mal, whilst 30-40% of patients do not respond to cord 
release.“ A significant number of patients will have resid- 
ual neurogenic bladder dysfunction. The surgical outcome 
of Kondo et al” supports this data. From our experience, 
those cases probably belonged to category 2, for example 
with a large transitional LMMC.” Another logical explana- 
tion is drawn from our experimental studies,” suggest- 
ing that neuronal degeneration develops in the conus after 
sudden cord stretching caused by extreme spinal flexion 
and extension in TCS patients. 
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Addressing their urologic problems in terms of the 
storage and emptying functions of the bladder facilitates 
management of these patients. In emptying failure due to 
detrusor areflexia, the most common pattern seen in these 
patients, an intermittent catheterization program is often 
most effective. 


Conclusion 


TCS is defined as a stretch-induced functional disorder of 
the spinal cord with its caudal part anchored by inelastic 
structures. Clinical findings such as motor and sensory 
deficits in the lower limbs, incontinence, and musculoskele- 
tal deformities allow for the localization of the lesions in the 
lumbosacral cord. These clinical impressions are compati- 
ble with findings of spinal cord traction in experimental 
animals. In TCS patients and in experimental animals, 
impaired oxidative metabolism and electrophysiologic 
activities within the lumbosacral cord were linked to neuro- 
logic dysfunction. These changes occurred without observ- 
able histologic damage to neurons. Many patients with TCS 
have associated voiding dysfunction and incontinence. In 
some patients, urinary incontinence is the sole complaint. 
The urologist must have a high index of suspicion for a 
neurologic etiology for the urinary incontinence. Prompt 
recognition of the neurologic disorder is of paramount 
importance. With early intervention, neurosurgic untether- 
ing of the spinal cord in category 1 patients can result in 
complete resolution of neurologic deficit, including urinary 
symptoms. The surgical results for category 2 patients are 
not as good as in the former patients. Nevertheless, the 
diagnosis and treatment must not be delayed or irreversible 
urinary tract dysfunction may occur. 
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Spinal cord injury and cerebral trauma 


Jerzy B Gajewski and John W Downie 


Introduction 


Disturbances of micturition are very common with head 
and spinal cord injuries. The range of bladder symptoms 
caused by neurologic lesions is wide and determined by 
whether the lesion primarily affects supraspinal control, 
the pontine-sacral neural circuit, or the sacral nerves and 
whether these lesions are predominantly motor or sensory, 
or both. The role of this innervation in bladder physiology 
is the key to understanding bladder dysfunction in head 
trauma and spinal cord injury. 


Neuroanatomy 


The function of the lower urinary tract is storage of urine 
and emptying when socially accepted. This is controlled 
and coordinated by the neurologic system. Micturition is a 
coordinated contraction of the detrusor muscle of the 
bladder and relaxation of the proximal (smooth muscle of 
the bladder neck and urethra) and distal (striated muscle) 
external urethral sphincters following release of cortical 
inhibition. Control of micturition is localized in the corti- 
cal, pontine, and sacral centers connected by a neural cir- 
cuit that extends from the cortex through the pons to the 
sacral cord.'” The cortical areas influencing bladder con- 
trol include the limbic lobes and paracentral lobules from 
which fibers pass to the pons and downward in the corti- 
cospinal tracts to the anterior and lateral horn cells at S2—4. 
In rat, the locus ceruleus may be involved in arousal, which 
is mediated by bladder distention.’ 

Human positron emission tomography (PET) scans 
have shown two distinct cortical areas involved in micturi- 
tion and contraction of the pelvic floor (Figure 30.1).* The 
right prefrontal cortex showed increased activity during 
micturition and during attempts to voluntarily inhibit 
voiding. Activity in the anterior cingulate gyrus is 
decreased during inhibition of voiding. Voluntary contrac- 
tion of the female pelvic floor causes increased activity in 
the superomedial precentral gyrus (part of the primary 


motor cortex).° Others have shown in functional magnetic 
Resonance imaging (fMRI) studies that pelvic floor con- 
tractions result in an increased desire to void and activa- 
tion of the ‘continence areas’, which include the medial 
premotor cortex, basal ganglia, and cerebellum.® 

The basal ganglia, hypothalamus, and cerebellum all 
modulate function of the lower urinary tract through the 
pontine micturition center (PMC). Early brain transec- 
tion experiments indicated that the basic micturition 
reflex was subject to modulation by higher levels of the 
neuraxis.’ The identities of some of the specific modula- 
tory areas have been postulated based on experiments in 
animals and on imaging in humans. However, the roles of 
these areas are not always clear, and in most cases the 
pathways by which they affect micturition are not yet 
established. For example, the cerebellum seems to be 
important in facilitating voiding in dogs,’ but is active 
during both urine storage’? and voiding in humans." 
Due to extensive connections between the cerebellum and 
the rest of the neuraxis, the pathway through which it 
modulates micturition is unclear at present.'* The hypo- 
thalamus, particularly the preoptic area, has been consid- 
ered an important regulator of bladder function because 
of its extensive projection to the micturition center in the 
pons of the cat and rat.’*!* Some imaging studies in 
humans have demonstrated hypothalamic activation dur- 
ing micturition,” but in the other clinical studies, the 
response is less clear.'*!° The hypothalamus appears not 
to be activated during urine storage.*>!° The role of 
functional imaging in identifying brain areas important 
for micturition has been reviewed.'©” 

Coordination of the detrusor contraction and sphincter 
relaxation is mainly done by the PMC located in the brain- 
stem. Normally, the external sphincter activity increases 
during bladder distention by a spinal reflex mechanism, 
then ceases through descending inhibition when a bladder 
contraction occurs.” In the cat, there appears to be a spinal 
neural organization that can mediate coordinated activity 
in the bladder preganglionic neurons and pudendal 
interneuron pools independently from the PMC.'*” 
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Figure 30.1 


Top: Significant differences in rCBF in the anterior cingulated gyrus, comparing successful micturition with voluntary withholding of 
urine (scan 2 — scan 1; average of 10 subjects). Bottom: Significant differences in rCBF in the anterior cingulated gyrus, comparing 
unsuccessful micturition with voluntary withholding of urine (scan 2 — scan 1; average of 7 subjects). Uncorrected threshold of p <0.001. 


(Reproduced with permission from Blok et al.*) 


There seem to be two centers in the pontine region; 
first, the PMC, which is responsible for emptying, is 
located in Barrington’s nucleus or the M region, and, 
secondly, the pontine urine storage facilitator center 
(PUSFC), which is located in the nucleus locus sub- 
ceruleus (Lsc) L region.*”*! PET study in healthy men and 
women confirmed the presence of the L region and the M 
region (Figure 30.2).>* Experimental study on cats showed 
that an ascending projection from the lumbosacral region 
reaches the periaqueductal gray (PAG), and a group of 
PAG neurons, in turn, project to the M region of the PMC 
(Figure 30.3).”? Although transmission of bladder-related 
afferent information by this pathway has yet to be con- 
firmed in the cat,” a crucial role for the ventrolateral peri- 
aqueductal gray matter (PAGvl) in micturition has been 
demonstrated in rats.**”° Facilitatory and inhibitory influ- 
ences from the cortical and subcortical centers are exerted 
on this neural circuit, with the overall effect being 
inhibitory. Normal micturition is believed to involve a 
spino-bulbo-spinal reflex activation of parasympathetic 
preganglionic neurons (to the bladder) and inhibition of 
pudendal motoneurons — Onuf’s nucleus (to the striated 


urethral sphincter).”°?”? PMC projection to the Onuf’s 
nucleus is not direct and may involve interneurons in 
sacral intermediomedial (IMM) cell columns.” Afferent 
(sensory) and efferent (motor) nerve fibers connect the 
bladder and urethra to the sacral and thoracolumbar 
segments. Interneurons involved in bladder reflexes are 
located in the region of the sacral parasympathetic 
nucleus (SPN), the dorsal commissure (DCM), and super- 
ficial laminae of the dorsal horn.??*° In cats, Ad fibers 
comprise the peripheral afferent pathway involved in the 
reflex? 

Sensory fibers subserving proprioception and muscle 
stretch sensation from the lower urinary tract travel in the 
pelvic, hypogastric, and pudendal nerves to the sacral (S2, 
3, and 4) and thoracolumbar (T11-L2) cord. Sensory 
impulses of touch, pain, and fullness from bladder mucosa 
travel via pelvic nerves. Most of these fibers are thin Að- 
myelinated axons and some are unmyelinated C-fiber 
axons. Most Aé-myelinated axons connect to mechano- 
receptors in the detrusor (cats) and are involved in the 
normal micturitional reflex** (Figure 30.4). C fibers in 
the pelvic nerve normally do not transmit impulses from 
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Figure 30.2 


Left: Significant differences in rCBF in the right dorsal pontine tegmentum (indicated by pmc = pontine micturition center) after the 
comparison between conditions ‘successful micturition’ (scan 2) and ‘empty bladder’ (scan 3). Right: Significant differences in rCBF in the 
right ventral pontine tegmentum (indicated by L-region) after the comparison between conditions ‘successful micturition’ (scan 2) and 
‘empty bladder’ (scan 3). The threshold used for display is uncorrected (p <0.005). The number —28 refers to the distance in millimeters 
relative to the horizontal plane through the anterior and posterior commissures (z direction). The numbers on the color scale refer to the 
corresponding Z scores. Areas with significant activity are superimposed on the average MRI scan (from 6 normal subjects) and have 
been transformed stereotactically to fit a standard atlas. L, left side of the brain; R, right side. (Reproduced with permission from Blok.*) 


the bladder distention or contraction and are ‘silent’;*> they 
have been found to be sensitized by intravesical chemical 
irritation or after spinal cord injury. Some other reports 
indicated that both C fibers and Adé-myelinated neurons 
can be silent.” Sensory impulses of temperatures and dis- 
tention, particularly from the trigone, pass centrally in 
sympathetic nerves (hypogastric nerves and/or sacral sym- 
pathetic chain) and are relayed to the cortex for conscious 
awareness through the dorsal columns and spinothalamic 
tracts. This conscious awareness produces the feeling of 
bladder fullness, the desire to void, or pain. 

Motor fibers pass distally along the same paths. The 
parasympathetic system via pelvic nerves exerts a contrac- 
tile effect on detrusor muscle (muscarinic receptors). 
Parasympathetic preganglionic motoneurons are located 
in the S2-S4 segments in humans” and S1-S3 in cats** and 
reside in the sacral intermediolateral (IML) cell group. 
Parasympathetic neurons (releasing nitric oxide) also 
mediate relaxation of the urethral smooth muscles during 
voiding.” The sympathetic system, via hypogastric nerves 
and sympathetic chain, innervates smooth muscles of the 
bladder (p, receptors), bladder neck, and urethra (0, recep- 
tors). Human sympathetic preganglionic motoneurons are 


located in the lumbar intermediolateral area at the level of 
the L1-L4 cord.’ The somatic system, via pudendal nerves 
(nicotinic receptors), controls the external striated urethral 
sphincter (rhabdosphincter). Although the pontine-sacral 
neural circuit for micturition can function autonomously, 
it is controlled after infancy by higher inhibitory influences 
from the brain, which are under conscious, or at least pre- 
conscious, control.*° 

Normally, the bladder will fill with urine slowly, stretch- 
ing the detrusor muscle to accommodate a larger volume 
with low pressure. This bladder property is called compli- 
ance and depends on both neural and non-neural factors. 
During storage, parasympathetic activity is low, allowing 
the detrusor muscle to relax. Simultaneously, sympathetic 
activity is high, causing the smooth muscle of the bladder 
neck and urethra to contract. Sympathetic activity also 
inhibits parasympathetic ganglia (, receptors) and relaxes 
detrusor directly (B receptors). Somatic activity increases 
with increased bladder volume, allowing the rhabdo- 
sphincter to remain contracted. When the bladder contains 
400-500 ml of urine, there is cortical awareness of a desire 
to void. Micturition is initiated by voluntary inhibition of the 
rhabdosphincter activity followed by deinhibition of the 
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Figure 30.3 


Arrangement of the ponto-sacral axis during storage and voiding. 
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bladder reflexes. Parasympathetic activity increases and 
sympathetic and somatic activity decreases, allowing 
the detrusor to contract against little resistance and the 
bladder empties completely. 
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Figure 30.4 

Innervation of the lower urinary tract. PMC, pontine 
micturition center; PDN, pudendal nerve (somatic); HGN, 
hypogastric nerve (sympathetic); PLN, pelvic nerve 
(parasympathetic). 


Central nervous system 
neuropharmacology 


Catecholamines 


Pelvic preganglionic and pudendal motoneuron areas in 
the sacral spinal cord receive catecholamine projections 
from pontine centers.*!” Thus, it would be expected that 
bladder and sphincter reflexes would be affected by 
adrenergic influences. Dorsal horn interneurons are sub- 
ject to descending modulation from the raphe magnus 
and locus ceruleus, implying mediation by a primary 
amine.” 0,-Agonists selectively suppress noxious inputs 
to dorsal horn projection neurons.“ Whether the selec- 
tive effect is also expressed on visceral inputs to such 
cells, or onto other cells in visceral spinal pathways, is 
unknown. The influence of norepinephrine (noradrena- 
line) on motor function may be due to a widespread 
action on interneurons in the ventral horn.“ Central a 
adrenoceptors do influence somatic and viscerosomatic 
reflexes related to the external sphincter in animals’** 
and probably in man.*! It has been suggested that dorsal 
horn neurons can exhibit different or additional afferent 
inputs after spinal transection.” Anatomic plasticity of 
spinal synaptic contacts may underlie this phenomenon. 
-Agonists also have a beneficial effect on bladder- 
sphincter dyssynergia* and on spasticity associated with 
spinal injury.” 
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Serotonin 


The raphe magnus, raphe obscurus, and raphe pallidus 
provide the serotonergic innervation of the spinal cord” 
through a descending path in the dorsolateral funiculus.” 
Serotonin (5-hydroxytryptamine or 5-HT) is released in 
the dorsal horn by stimulation within the nucleus raphe 
magnus,” and stimulation of this area suppresses bladder 
reflex activity.” Multiple 5-HT receptor subtypes have 
been located in the spinal cord.°°~* Serotonin inhibits 
ascending bladder afferent activity” at the spinal level, but 
facilitates pudendal nerve reflexes. Both a serotonergic 
agonist and a precursor inhibit bladder contractions in 
rats.°! A 5-HT antagonist (methysergide) decreases the vol- 
ume threshold of the micturition reflex in cats. At the 
supraspinal level, however, in normal conscious rats, 5-HT 
receptors can enhance the micturition reflex induced by 
bladder filling.’ The roles that various 5-HT receptor sub- 
types may play in micturition have been reviewed. 


Gamma aminobutyric acid 


Gamma aminobutyric acid (GABA), or a GABA agonist, sup- 
presses reflex bladder activity and increases voiding threshold 
when injected into the brainstem, and the GABA antagonists 
have an opposite action. Thus there appears to be a tonic 
GABAergic supraspinal inhibition of the micturition reflex. 
GABA also acts at a spinal level to suppress bladder pre- 
ganglionic neurons® and it suppresses reflex micturition.‘ 
This was confirmed in clinical studies. Glycine may also 
contribute to inhibition of pudendal motoneurons.” 


Dopamine 


Parkinson’s disease and experimentally-induced parkin- 
sonism in primates are both associated with bladder over- 
activity." However, the symptoms may also be related 
to cortical dysfunctions.” The administration of a D1 
dopamine agonist suppresses bladder activity,” whereas 
D2 agonists facilitate it.” 


Opioid peptides 


Opioid peptides and related drugs are well-known modu- 
lators of nociception. They also influence somatic reflex 
mechanisms by a spinal action.” The pharmacology of 
opioids is complicated by the existence of several receptor 
types and subtypes,” and the three major opioid receptor 
types, u, 6, and K, are present in the spinal cord.’”78 
Although there is evidence that there are at least two sub- 
types of « receptor,” appropriately selective blocking drugs 
are available only for the x, subtype. 


Immunohistochemistry in the sacral spinal cord has 
demonstrated that both the parasympathetic nucleus (pre- 
ganglionic neurons of the pelvic nerve) and Onuf’s nucleus 
(motoneuron pool of the pudendal nerve to the external 
sphincter) are richly innervated by opioid-containing 
nerve terminals.®? However, the details of the opioid 
pharmacology in these two areas differ. 

The susceptibility of bladder function to depression by 
opioid peptides or morphine is well known in both animals 
and man.*'*” The depression may be reversed by opioid 
antagonists or by increasing bladder pressure (i.e. bladder 
contraction can be obtained), but the volume threshold is 
increased.***”8§ Pharmacologic analysis in animals has indi- 
cated that, at the spinal cord level, the inhibition of micturi- 
tion is attributable to activation of -opioid receptors.*” 
However, in man the involvement of -opioid receptors can- 
not be discounted due to the activity of epidural mor- 
phine.® It should be noted that epidural pentazocine, a 
«-opioid agonist, does not produce urinary retention.” Also, 
it has been shown that while u or 5 opioids suppress 
micturition, they do not inhibit reflex-evoked pudendal 
nerve activity." On the other hand, pudendal nerve activ- 
ity is suppressed by ethylketocyclazocine, a fairly selective 
«-opioid agonist.” The presence of opioid receptor subtypes 
selectively associated with different components of the sacral 
spinal mechanisms for bladder and sphincter control may 
make it possible to differentially affect the components. 


Head injury 
Coma 


Head injury can cause temporary dysfunction (coma) or 
permanent lesion. Unconsciousness after cerebral injury 
relates to compression, hemorrhage, or ischemia. The 
brainstem can be displaced downwards or the temporal 
lobe herniates through the tentorial opening. Classification 
of the different stages of coma is best described by the 
Glasgow Scale.” In most cases of coma, spontaneous mic- 
turition is possible and there seems to be some perception 
of bladder fullness in lighter stages.** Because only the 
suprapontine area is affected, coordination between the 
detrusor and sphincter remains. Voiding is synergistic, with 
no residual. Most patients, however, show decreased detru- 
sor compliance. An indwelling Foley catheter, which 
patients usually have, may cause detrusor irritation and 
may explain increased stiffness of the bladder. Lack of sym- 
pathetic inhibition of bladder activity by the cerebrum, as 
in progressive autonomic and multiple system failure,”*® 
can be another explanation. In some comatose patients, 
however, there is temporary bladder retention. It is not 
clear whether this is related to bladder overstretching 
immediately after the accident or to active cerebral bladder 
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Figure 30.5 


Significant differences in rCBF in the cortical areas after the comparison between the conditions ‘successful micturition’ (scan 2) and 
‘urine withholding’ (scan 1). Note the activation of the right anterior cingulated gyrus (acg) in z planes +8 to +16, and the right inferior 
frontal gyrus (gfi) in z planes 0 to +12. (Reproduced with permission from Blok.’) 


inhibition. The possibility of temporary pontine shock 
similar to spinal shock cannot be excluded. 


Suprapontine neurogenic 
detrusor overactivity 


If the amount of cortical inhibition running in descending 
pathways is reduced by a suprapontine injury, there will be 
diminished ability to inhibit the micturition reflex. This 
results in an uninhibited detrusor contraction, with syner- 
gistic relaxation of the proximal and distal sphincter. 
Animal studies showed that injury above the inferior col- 
liculus eliminated the inhibitory effect on the micturition 
center, whereas a lesion below this point abolished the nor- 
mal micturition reflex.” Human PET study showed that 
the control areas of micturition are mostly located on the 


right side of the brain (Figure 30.5).*° Some clinical reports 
indicate that urge incontinence is more commonly associ- 
ated with right-sided damage.” Other clinical observations 
suggest that unilateral right cortical lesions (prefrontal 
damage) produce transient dysfunction, whereas bilateral 
lesions produce permanent dysfunction.” 

Experimental results indicate that supraspinal nitric oxide 
has an important role in bladder overactivity after cerebral 
infarction, but it does not affect normal micturition in rats. 
This finding suggests a central mechanism sensitive to nitric 
oxide for bladder overactivity after cerebral infarction.’ 

During the filling phase, when the bladder contains a 
comparatively small volume of urine, inhibition of the 
suprapontine reflex arc will fail and the detrusor muscle will 
contract. There is no resistance from the urethra because of 
adequate relaxation of the sphincters due to the preserved 
sacro-pontine reflex arc. Patients with suprapontine 
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Figure 30.6 


Pressure—flow study in a patient with a suprapontine lesion. The patient has no sensation; however, voiding is coordinated between the 


detrusor (Pje) and external sphincter EMG. EMG activity decreases during detrusor contraction. Qura, flow rate; Pye, bladder pressure; 
Paba, abdominal pressure. 


detrusor overactivity will complain of frequency, urgency, Urodynamic studies may show early (small-volume) 
and incontinence and, in severe cases, lack of sensory or detrusor contractions, no detrusor-sphincter dyssynergia 
motor control of the micturition reflex. They have no resid- (the sphincter relaxes during detrusor contraction), and 
ual urine and thus are not prone to bladder infections. voiding without residual (Figure 30.6). 
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ASIA IMPAIRMENT SCALE 


A = Complete: No motor or sensory 
function is preserved in the sacral 
segments 
S4-S5. 

B = Incomplete: Sensory but not motor 
function is preserved below the 
neurological level and includes the 
sacral segments S4—-S5. 

C = Incomplete: Motor function is 


preserved below the neurological level, 


and more than half of key muscles 
below the neurological level have a 
muscle grade less than 3. 

D = Incomplete: Motor function is 


preserved below the neurological level, 


CLINICAL SYNDROMES 


and at least half of key muscles below O Central cord 
the neurological level have a muscle O0 Brown-Sequard 
grade of 3 of more. O Anterior cord 
O E= Normal: Motor and sensory function O Conus medullaris 
are normal. O Cauda equina 
ASIN. 
STANDARD NEUROLOGICAL CLASSIFICATION OF SPINAL CORD INJURY 
MOTOR eats a SENSORY 
R L KEY MUSCLES RL RL KEY SENSORY POINTS 
c2 C2 J 
c3 c3 [I1 |0= absent 
C4 c4 1 = impaired ee 
C5 Elbow flexors C5 2 = normal À 
c6 Wrist extensions c6 NT = not testable 
C7 Elbow extensions C7 
c8 Finger flexors (distal phalanx of middle finger) C8 
Ti Finger abductors (little finger) Ti 
T2 T2 
T3 0 = total paralysis T3 
mT | id 1 = palpable or visible contraction T4 
T5 2 = active movement T5 
T6 ‘al gravity eliminated te T] 
17 3 = active movement 7 
against gravity as Ol ee AH 
T8 4 = active movement T8 
T9 against some resistance T9 E 
T10 5 = active movement T10 
T11 against full resistance T11 p> é 
T12 NT = not testable T12 
Ei L1 
L2 Hip flexors L2 
L3 Knee extensors L3 
L4 Ankle dorsiflexors L4 
L5 Long toe extensors L5 
S1 LJ Ankle planfar flexors S1 a *Key Sensory Points 
s2 s2 : 
s3 J LJ S3 
S4-5 Voluntary anal contraction (Yes/No) S4-5 Any anal sensation (Yes/No) 
— i omis] | l H PIN PRICK SCORE (max: 112) 
TOTALS I+ = MOTORISCORE HH LIGHT TOUCH SCORE (max: 112) 
(maximum) (50) (50) (100) (waximum) (50) (50) (50) (50) 
NEUROLOGICAL R L COMPLETE OR INCOMPLETE? ZONE OF PARTIAL R L 
LEVEL SENSORY ] Incomplete = sensity of motor function at S4-S5 PRESERVATION SENSORY 
The most candal segment candal ankle of partially 
with internal function MOTOR | ASIA IMPAIRMENT SCALE incompleted segments MOTOR 


Figure 30.7 


Classification developed by the American Spinal Injury Association (ASIA). 
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Spinal cord injury 
Classification 


The most comprehensive classification is that developed by 
the American Spinal Injury Association (ASIA) (Figure 30.7). 
It utilizes the examination of dermatomes and myotomes 
to determine the level and completeness of the sensory and 
motor functions and distinguishes four classes of spinal 
cord injury based on the Frankel system and five clinical 
syndromes: 


e Central cord syndrome is a result of hemorrhagic necrosis 
of the central gray matter and some of the medial white 
matter and is most commonly due to hyperextension 
injury. More caudal fibers of the corticospinal and 
spinothalamic tract are localized in the spine more lateral 
(from the centre), and hence are better protected from the 
central necrosis; consequently, arms are more affected 
than legs. Bladder dysfunction is also less common. 

e Brown-Séquard syndrome is a rare unilateral cord con- 
dition which can result from penetrating injury or 
asymmetric disc herniation. It presents as ipsilateral 
motor weakness and sense impairment of fine touch 
and position and contralateral sensory impairment of 
pain and temperature. Bladder dysfunction in the pure 
condition is uncommon. 

e Anterior cord syndrome is characterized by injury to the 
anterior aspects of the cord, with preservation of the 
posterior columns and dorsal horns. There is a motor 
deficit and loss of pain and temperature sensation 
below the level of the injury. 

e Conus medullaris and cauda equina syndrome result 
from damage to the conus and spinal nerve roots, lead- 
ing to flaccid paraplegia and sensory loss. Sacral reflexes 
can be partially or totally lost. 


The bladder in ‘spinal shock’ 


Following an acute spinal cord injury (the first 2 weeks to 
3 months) at a level above the sacral segments, the central 
synapses between the afferent and efferent arms of the mic- 
turition reflex will be rendered inactive. The mechanism of 
the spinal shock is unclear and may relate to lack of 
supraspinal facilitation or to total depression of the 
interneuronal activity due to release of inhibitory trans- 
mitters. The detrusor will be paralyzed (acontractile detru- 
sor), and there will be no conscious awareness of bladder 
fullness. However, the bladder neck and proximal urethra 
remain closed and the bladder will continue to distend 
because the reflex arc does not function. The resulting 
retention of urine is followed by dribbling incontinence as 
a consequence of an overflow. This retention cannot be 


avoided or managed by muscarinic stimulation with 
bethanechol.'°'! Infection resulting from the large 
amount of residual urine may become a serious recurrent 
problem. The only reflex activity which is preserved or 
returns almost immediately is anal and bulbocavernosus 
reflex. Bladder reflex activity recovers usually within 2-3 
months. It has been shown that sacral root stimulation 
during spinal shock facilitates recovery of the reflex activ- 
ity of the detrusor.'°? We have also found that perineal and 
urethral stimulation is necessary for recovery of bladder 
reflex activity in spinally transected cats. !°* 


Upper motor neuron lesion 


Suprasacral neurogenic detrusor 
overactivity 


This follows the stage of spinal shock resulting from a cord 
injury above the S1 level. Reflex bladder function eventually 
occurs in experimental animals and in man after 
suprasacral cord injury. This function is different from 
normal in that: 

it involves different afferent fibers (C fibers in the cat)!” 
bladder contractions are poorly sustained! 

the urethra and bladder become discoordinated'* 
previously ‘irrelevant’ stimuli influence the bladder’ 
and/or external sphincter activity.” 


Consciousness of bladder sensation may not be totally 
absent but voluntary inhibition of the micturition reflex 
arc is lost. The initial retention of urine with accompany- 
ing overflow incontinence during the stage of spinal shock 
gives way to the effects of an augmented reflex arc and 
results in a small, spastic, and overactive bladder. The blad- 
der empties incompletely because of the dyssynergic con- 
traction of the external sphincter, reflex inhibition from 
the dyssynergic sphincter, and primary detrusor failure 
(discoordinated contraction).!°° Overall, this alteration in 
central organization results in a high voiding pressure, 
residual urine, and incontinence. These subsequently lead 
to recurrent infection, hydronephrosis, and finally to renal 
failure. In some instances of an incomplete suprasacral 
lesion, synergistic relaxation of the external sphincter is 
preserved. In these patients, given time, reflex bladder con- 
traction in response to skin stimulation may be learned, 
thus allowing the patient some voluntary control. 


Afferent fibers 


Normal micturition reflex involves Að-fiber afferents. Only 
in inflammatory states are C-fiber afferents involved 
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Figure 30.8 
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Pressure—flow study in a patient with a suprasacral complete lesion. The patient has detrusor-sphincter dyssynergia (DSD). Increase in 
external sphincter EMG activity is during the ascending phase of detrusor contraction (Pje) — shaded area. There is no urine flow because 
of severe bladder outlet obstruction due to DSD. Qura, flow rate; P,e, bladder pressure; Paba, abdominal pressure. 


(chemosensitivity). After spinal cord injury C-fiber affer- 
ents mediate (mechanosensitivity) the abnormal sacral 
segmental bladder reflex.?'!°? The mechanism of this 
change from chemosensitivity to mechanosensitivity of C 
fibers is unclear. In rats, the timing of recovery of bladder 
contractile activity after spinal cord injury coincides with 
sacral primary afferent terminal sprouting.'”° 


Detrusor underactivity 


The normal micturition reflex is controlled by spinal 
(sacral) and supraspinal centers.'!! After suprasacral spinal 
cord injury some reflex bladder function persists. However, 
the bladder contractions are ineffective and poorly sus- 
tained!” and the urethra and bladder become uncoordi- 
nated.!° It has been assumed that poor detrusor function 
is primarily due to reflex inhibition from the dyssynergic 
sphincter.'!? There are suggestions that primary detrusor 
failure might also be of significance." In some instances of 


cervical and high thoracic spinal cord injury (10-20%) 
detrusor acontractility and external sphincter denervation 
are present, indicating a distinct and separate lesion in the 
sacral area.'!"11¢ 


Detrusor-sphincter dyssynergia 
(internal and external) 


The pons coordinates the micturition reflex. Any lesion 
between the sacral and pontine level may produce discoor- 
dinated voiding, which results in increased external sphinc- 
ter activity during detrusor contraction. Detrusor-sphincter 
dyssynergia (DSD) correlates with completeness but not the 
level of the upper motor neuron lesion.''” DSD is responsi- 
ble for the bladder outlet obstruction and, in combination 
with neurogenic detrusor overactivity, for high, sustained 
intravesical pressure, which is the most common cause of 
upper tract complications in spinal cord injury.'!*!! 
Diagnosis of DSD is based on electromyography (EMG) 
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recording during cystometography (CMG) and voiding. 
There is an increased EMG activity during bladder contrac- 
tion. In true DSD, increased EMG activity correlates with 
an ascending portion of the detrusor contraction curve, as 
opposed to dysfunction voiding, in which the EMG increase 
is more random (Figure 30.8).!”° 

A normal constant increase in the activity of the smooth 
and striated urethral sphincter accompanies bladder filling 
in response to the activation of bladder afferents.'!”!*! This 
reflex is mainly driven by afferents conveyed through the 
pelvic nerves; it is lost in patients with complete upper 
motor neuron lesions and correlates well with DSD.” 

The sympathetic system controls the bladder neck and 
proximal urethra from the T10 to L2 spinal cord seg- 
ments.’ A spinal cord lesion above T10 removes 
supraspinal inhibitory control of the sympathetic vesi- 
courethral neurons, resulting in bladder neck functional 
obstruction (smooth muscle dyssynergia).'?? Urologic 
manifestations of smooth muscle dyssynergia are the same 
as with detrusor-external sphincter dyssynergia. Outflow 
obstruction is at the level of the bladder neck and proximal 
urethra and adds to the obstruction at the level of the 
external sphincter." 


Abnormal reflex activity after spinal 
injury 

Bladder activity can be influenced not only by its own sen- 
sory inputs but also by those from the colon and anal sphinc- 
ter, >! and from somatic structures (e.g. perineum).’?” 


Visceral afferents can also have effects on somatic reflexes, 
particularly polysynaptic ones.'?” Sacral spinal interneurons 
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Figure 30.9 


Autonomic dysreflexia. 


appear to be one site for these interactions.'**!”° After acute 
suprasacral spinal transection, the external urethral 
sphincter quickly recovers its response to bladder disten- 
tion. However, the absence of the normal suppression of 
this reflex during bladder contraction creates inefficient 
voiding. In chronic suprasacral spinal injury, previously 
‘irrelevant’ stimuli to the penis, perineal skin, etc., can 
cause bladder contraction”®'!”’ and/or external sphincter 
activity!” in both man and animals. 

The ‘skin—CNS-bladder reflex’, in animal experiments, is 
effective in initiating bladder contractions after acute tran- 
section of the lumbar spinal cord. It is suggested that 
somatic motor axons can innervate bladder parasympa- 
thetic ganglion cells and thereby transfer somatic reflex 
activity to the bladder smooth muscle.'*° 


Autonomic dysreflexia 


In the patient with a neurologic midthoracic or higher 
spinal lesion, autonomic dysreflexia may occur.'*'!** These 
syndromes are secondary to loss of supraspinal inhibitory 
control of a thoracolumbar sympathetic outflow and result 
from massive discharge of the sympathetic system. 
Systemic manifestation of the autonomic dysreflexia (usu- 
ally with a lesion above T6) includes sweating below and 
cutaneous flushing above the level of the neurologic lesion, 
pounding headache, nasal congestion, and piloerec- 
tion. ?>!"4 Splanchnic vasoconstriction occurs rapidly, 
causing hypertension which may be life threatening due to 
intracranial hemorrhage. There is a bradycardia, mediated 
through vagus nerves (Figure 30.9). Autonomic dysreflexia 
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can be triggered by a noxious stimulus below the level of 
the spinal cord injury, and includes bladder distention, 
urologic manipulations, constipation, and skin irrita- 
tion.'*° The severity of the dysreflexia depends on the 
sprouting of myelinated and unmyelinated primary affer- 
ents below the injury. Although there is no evidence that 
sprouting reaches directly autonomic or motor neurons, an 
increased pool of interneurons contributes to exaggerated 
autonomic reflexes (dysreflexia).'°° An animal study 
showed that blocking intraspinal sprouting minimized 
dysreflexia.'*’ In the case of so-called malignant autonomic 
dysreflexia, supraspinal autonomic control is also lost.” 


Lower motor neuron lesion 


Spinal cord injury to the sacral paths at S1-4 results in 
parasympathetic decentralization of the bladder detrusor 
and somatic denervation of the external urethral sphincter, 
and loss of some afferent pathways. In a complete lesion, 
conscious awareness of bladder fullness will be lost and the 
micturition reflex is absent. Some pain sensation can be 
preserved because the hypogastric (sympathetic) nerve is 
intact. 


Bladder 


Parasympathetic decentralization results in degeneration 
and regeneration changes in the muscle cells of the blad- 
der detrusor as well as in their innervating axons,'*? and 
that can account for the abnormal physiologic and phar- 
macologic behaviour observed. In the chronic decentral- 
ized human and feline bladder, an increase in adrenergic 
innervation to the detrusor has been reported.'4°'” This 
results in the outgrowth of sympathetic fibers in the 
detrusor and the conversion of their functional role from 
B-adrenoreceptor-mediated relaxation to o-adrenorecep- 
tor-mediated contraction.4°'4!* This change in sympa- 
thetic function appeared only after complete lesions.'*° 
On the other hand, deGroat and Kawatani! postulated 
that unilateral parasympathetic preganglionic denerva- 
tion of the detrusor leads to a reinnervation of the dener- 
vated cholinergic ganglions by sympathetic preganglionic 
pathways. This new pathway provides a means for eliciting 
excitatory bladder muscle responses. 

It has been suggested that an altered sympathetic path- 
way could explain the decrease in detrusor compliance 
associated with lower motor neuron (LMN) lesions in 
monkeys'*? and dogs.'4© McGuire and Morrissey'* 
demonstrated in monkeys that complete intradural sacral 
rhizotomy produced hypertonic areflexic bladder, whereas 
selective dorsal root damage produced hypotonic areflexic 
detrusor. Further studies showed that a-adrenergic block- 
ade partially reversed the effect of chronic denervation on 
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detrusor compliance in these animals'*’ and in dogs. 
Gunasekera et al!** reported decreased bladder compliance 
in more than half of patients with acquired LMN lesions. 
More than 70% of patients with myelodysplasia have blad- 
ders with low compliance.'” In our study'*° of patients 
with LMN lesions, all of whom were on intermittent 
catheterization, we could not demonstrate any changes in 
detrusor compliance, regardless of whether the lesion was 
complete or incomplete. This is in agreement with a labo- 
ratory study!*! in which compliance was not decreased 3 
months after sacral root injury in cats. These findings 
imply that ongoing activity from the sacral cord or pelvic 
afferent nerve traffic is not required for the maintenance of 
normal detrusor compliance in this situation. The role of 
the sympathetic system, however, in the parasympatheti- 
cally decentralized bladder detrusor is still unclear. 

The chronic complete parasympathetically decentralized 
bladder develops supersensitivity to muscarinic stimu- 
lants!” which can be demonstrated as a marked increase in 
the intravesical pressure, in response to subcutaneous 
bethanechol. In partial LMN lesions, supersensitivity was 
not detected in rats!” or dogs.'** Using an alternative way of 
performing the bethanechol test (reduction in threshold 
dose of bethanechol rather than an increase in bladder pres- 
sure used as an indicator), El-Salmy et al'*° demonstrated 
supersensitivity of the detrusor in cats with partial sacral 
rhizotomies. In our study,!°° patients with complete or 
incomplete lesions responded to bethanechol injection with 
bladder pressure increase, although the more dramatic 
response was seen in patients with complete lesions. These 
findings dispute the validity of the bethanechol test in 
differentiating between complete and incomplete lesions. 


Urethra and external urinary 
sphincter 


The urethra is mainly innervated by the sympathetic sys- 
tem and only sparsely by the parasympathetic system. 
Maximum urethral pressure (MUP) values were low, 
however, in our patients!®° when compared with our 
normal values or other!* standards. There was no signifi- 
cant difference between complete and incomplete lesions. 
Mattiasson et al! also reported that MUP was signifi- 
cantly lower in patients with parasympathetic decentraliza- 
tion than in volunteers. Loss of somatic innervation to 
the external sphincter may account for this finding. 
Phentolamine had little effect on MUP in our study, in 
contrast to the finding in volunteers with normal lower 
urinary tracts.'°° There is a possibility that sympathetic 
influence over urethral closure pressure has been lost in 
this situation. Other researchers have reported variable 
urethral pressure profile responses to -adrenergic block- 
ers in LMN lesions.'°* In a complete LMN lesion due to 
somatic denervation of the external sphincter, striated 
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muscle activity is abnormal. EMG is characterized by 
individual action potentials which are of increased ampli- 
tude and duration, and are polyphasic with some abnormal 
spontaneous activity in the form of positive waves and fib- 
rillation potentials." Conscious control is lost; however, 
some muscle tone is preserved. Narrowing in the region of 
the external urethral sphincter is not an uncommon finding. 
Proposed mechanisms include: 
fibrosis of the urethral sphincter!” 
sympathetic dyssynergia'®! 
e denervation supersensitivity 
vation of the rhabdosphincter. 


162 or autonomic reinner- 


163,164 


Bladder neck and proximal urethra 


The bladder neck and proximal urethra receive a dual 
cholinergic and adrenergic innervation from the pelvic and 
hypogastric nerve, respectively.'*?'°>'®” Laboratory studies 
have demonstrated a predominance of a-adrenergic recep- 
tors in that area.'**!”° Normally, the bladder neck should 
remain closed except during voiding.'”! Neurogenic and 
non-neurogenic factors influence competence of the blad- 
der neck. The hydromechanical effect of Credé’s maneuver 
has been shown to reduce proximal urethral closure pres- 
sure in cats with a sacral injury.'”* It is not clear whether an 
open bladder neck in an LMN lesion is a primary neuro- 
logic defect or is secondary to associated detrusor dysfunc- 
tion (increased stiffness or autonomous waves) or 
treatment. There are conflicting reports regarding which 
neurologic lesion causes an open bladder neck.!47!7*!74 
McGuire and Wagner'” found that a complete, isolated 
sacral decentralization of the parasympathetic and puden- 
dal nerves did not result in an open bladder neck, which 
conflicts with our results.'°° We have shown that bladder 
neck incompetence is related to completeness of the LMN 
lesion and that sympathetic blockade (phentolamine) had 
an effect on the bladder neck closing mechanism only 
in incomplete lesions. The data imply that, in addition to 
sympathetic function, some sacral root activity takes part in 
the maintenance of bladder neck closure, either through 
efferent parasympathetic activity or by providing an affer- 
ent link to a sympathetic reflex. Kirby et al!” found the 
bladder neck open in all patients with pelvic nerve injury or 
cauda equina lesion. Open bladder neck was also found in 
almost 90% of children with myelodysplasia.'’ Extensive 
autonomic system damage (after A-P resection) was found 
to be associated with open bladder neck, probably due to 
sympathetic denervation." However, a contribution from 
the increased intravesical pressure cannot be ruled out. 
Neurogenic bladder dysfunction is more common than 
was previously diagnosed. A report by Ahlberg et al!” 
showed that up to 82% of patients with ‘idiopathic bladder’ 
dysfunction have pathologic neurologic findings, which 


indicates that patients with voiding dysfunction should be 
considered to have a neurologic underlying condition 
unless proven otherwise. 
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Cerebral palsy, cerebellar ataxia, AIDS, phacomatosis, 
neuromuscular disorders, and epilepsy 


Mark W Kellett and Ling K Lee 


Introduction 


In previous chapters, authors have described neurologic 
disorders that are frequently associated with, or produce 
characteristic neurogenic bladder disturbances. In this 
chapter the authors review a number of miscellaneous con- 
ditions in which neurogenic disorders of the bladder may 
infrequently occur, either as a manifestation of the primary 
disease, or sometimes as a complication of disease treat- 
ment. Although urinary disturbance is well recognized in 
many of the conditions discussed, in others such as neuro- 
muscular disorders cases are rare and reports are largely 
anecdotal. 


Cerebral palsy 


Cerebral palsy is becoming increasingly common as more 
premature low birthweight infants are surviving in neonatal 
intensive care units and are prone to insults to their central 
nervous system. Adverse events such as infection, cerebral 
vascular accident, or anoxia, in the prenatal and perinatal 
period, can permanently damage areas in the brain which 
lead to the nonprogressive disorders of motor function 
seen in cerebral palsy. The most common manifestation is 
muscle spasticity (70-80%), with athetoid, hypotonic and 
ataxic motor disorders making up the rest. Intellectual 
capacity is directly related to the severity of physical 
impairment. The combination of mental, neurologic, and 
physical handicap means urinary symptoms and inconti- 
nence are commoner in patients with cerebral palsy. 
Roijen et al! sent a continence questionnaire to the par- 
ents of 601 children (aged between 4 and 18 years) with 
cerebral palsy and received a response from 459 (76%). The 
prevalence for primary urinary incontinence in this study 
was 23.5%. Daytime continence usually preceded noctur- 
nal continence and 85% of children gained nocturnal con- 
tinence within the year of achieving daytime continence. In 


The percentage of children aged 6 years old with 


cerebral palsy (CP) of different severity who were continent 
compared to normally developing children’ 


At age 6 years old Percent continent 
Normally developing 92 
Spastic hemiplegia 80 
Spastic diplegia 84 
Spastic tetraplegia 54 
CP with IQ > 65 80 
CP with IQ < 65 38 
Spastic tetraplegia with IQ < 65 33 


this study, 96% of all cerebral palsy children with normal 
intelligence (IQ >65) were continent, demonstrating the 
importance of comprehension and communication skills 
for continence training. The ability to achieve continence 
was related to the extent of both physical and mental hand- 
icap (Table 31.1) and, not surprisingly, children with spas- 
tic tetraplegia and low intelligence (IQ <65) were the least 
likely to become continent. The majority of children with 
cerebral palsy (89%) who were continent became so before 
12 years old, and a small minority would continue to gain 
control spontaneously into their late teens. 

Although urinary incontinence is the commonest reason 
for a urologic referral (Table 31.2), a significant number of 
patients with cerebral palsy have other lower urinary tract 
symptoms.”° Over a 7-month period, McNeal et al? inter- 
viewed 50 patients (between 8 and 29 years old) with cere- 
bral palsy who attended outpatient clinics and actively 
sought out symptoms of urinary dysfunction. More than a 
third (36%) had two or more urinary symptoms prompt- 
ing referral for further urologic assessment. In reality, the 
overall incidence of lower urinary tract symptoms could be 
higher, as McNeal’s study excluded patients with IQs <40. 
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The distribution of the common lower urinary tract symptoms in patients with cerebral palsy undergoing urological 


assessment. Some patients had multiple symptoms 


Reid and 
McNeal et al? Decter et alt Mayo? Borzyskowski? 

Number of patients 50 57 33 27 
Symptoms 

Incontinence* 54% 86% 48% 74% 

Urgency 18% 37% 

Frequency 51% 56% 

Dribbling 6% 

Hesitancy/voiding difficulties 3.5% 46% 11% 

Retention 2% 6% 7% 


“Incontinence includes urge/stress/day and/or enuresis. 


Urodynamic findings on patients with cerebral palsy 


Reid and Decter McNeal Drigo Karaman 
Borzyskowski? Mayo’ et alt et al? et al’ et al 
Number of patients 27 33 57 13 9 36 
Hyperreflexic 21 (78%) 22 (67%) 35 (61%) 4 (31%) 9 (100%) 17 (47%) 
End-fill instability 2 (15%) 
Detrusor sphincter dyssynergia 5 (19%) 1 (3%) 7 (17%) 2 (22%) 4 (11%) 
Acontractile bladder 2 1 


Mayo? found an unusually high incidence of voiding diffi- 
culty in 17 of the 33 patients who underwent videocysto- 
metrogram. The patients predominantly had difficulty 
initiating a urinary stream and two adult patients were 
using catheters for urinary retention. His group of patients 
was older (10 patients >20 years old, 3 patients >55 years 
old) and Mayo postulated that obstructive symptoms 
might become more prevalent as patients with cerebral 
palsy progress into adult life. This, he felt, was due to lack 
of voluntary control over a ‘spastic’ pelvic floor. 

A hyperreflexic bladder (involuntary contractions dur- 
ing bladder filling in the presence of a known neurologic 
disorder) consistent with an upper motor neuron injury 
was the commonest urodynamic finding in symptomatic 
patients with cerebral palsy” (Table 31.3). Symptoms of 
urgency and frequency appear to correlate well with an 
overactive detrusor. Mayo demonstrated hyperreflexia in 
14 of the 16 patients with urge + incontinence compared to 
only 8 out of the 17 with voiding difficulties. Reduced blad- 
der capacity was also a common finding, and occasionally 
a noncompliant bladder with end-fill instability was found 
to be responsible for the patient’s symptoms. A voiding 


study was more difficult to obtain, bearing in mind that a 
proportion of patients were wheelchair bound and had 
learning disabilities. Therefore, it is difficult to estimate the 
incidence of detrusor underactivity or bladder outlet 
obstruction in patients with cerebral palsy. Excluding 2 
patients who were in retention and 1 with detrusor-sphincter 
dyssynergia, Mayo found the remaining 14 of 17 patients 
with voiding difficulties had low postvoid residual vol- 
umes, and none had significant trabeculation to suggest 
obstruction. During urodynamic evaluation on 57 children 
with cerebral palsy, Decter et al also carried out elec- 
tromyography on the external sphincter using needle elec- 
trodes.’ They identified 11 patients with incomplete lower 
motor neuron injury to the sphincter. This was defined as 
a partially denervated sphincter which, when stimulated, 
has a reduced number of motor units recruited to contract, 
but whose amplitude and duration of action potential may 
be increased during voiding simulating dyssynergia.* 
However, Decter et al did not comment as to whether these 
patients had outflow obstruction. Although uncommon, 
the finding of detrusor-sphincter dyssynergia and lower 
motor neuron lesions (acontractile bladder) implies that 
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the perinatal injury that caused the abnormal neurology in 
cerebral palsy may also involve the spinal cord. Another 
urodynamic study on children (age range 4 tol8 years, 
mean age 8.2 years) with cerebral palsy also identified 
detrusor-sphincter dyssynergia in 4 children out of 
36 (11%).° They identified high voiding pressures of 
90 cmH,O. The incidence of vesicoureteric reflux on 
videourodynamics varied from 1.8 to 35%,*%7 but none 
of the authors commented on renal impairment or the 
presence of reflux nephropathy. 

Given the risk of upper tract damage in neurogenic 
voiding dysfunction, Brodak et alë prospectively screened 
on sonography 90 patients (age 1 to 25 years old), with or 
without urologic symptoms, in an attempt to determine 
whether urinary tract screening was necessary for patients 
with cerebral palsy. On first ultrasound, 7 of the 90 patients 
had renal abnormalities, which were hydronephrosis in 3, 
renal asymmetry in 2 and non-visualization in 2. On a 
follow-up ultrasound, only 2 of the 3 had persistent 
hydronephrosis and had ultrasound evidence of a neuro- 
genic bladder, i.e. marked bladder wall trabeculation 
and/or resolution of hydronephrosis following catheteriza- 
tion. The authors concluded that routine urinary tract 
screening was not justified because urinary tract abnor- 
malities were only detected in 2% of the patients studied. 

Patients with cerebral palsy are more prone to UTIs? and 
should be investigated with ultrasound imaging of kidneys, 
bladder, and postmicturition residual volume. A plain kidney, 
ureter, and bladder (KUB) X-ray is useful, although renal 
tract stones are uncommon." In the presence of abnormali- 
ties, further evaluation with videourodynamics, micturating 
cystourethrography, renogram, etc., should be performed. 
Decter et al* found that all 6 children with UTIs (single 
episode or recurrent) in their study had radiologic and uro- 
dynamic abnormalities, 4 had detrusor-sphincter dyssyner- 
gia, and one had chronic retention due to detrusor failure 
(one other not specified). In contrast, the study by Reid and 
Borzyskowski* involved 13 patients with a history of UTIs, 
but vesicoureteric reflux was demonstrated in only 1 patient 
who had hyperreflexia and detrusor-sphincter dyssynergia. 

Treatment is primarily with anticholinergic drugs for 
hyperreflexic bladders and patients with symptoms of urge 
and frequency. Postmicturition bladder residuals should 
then be closely monitored, as clean intermittent catheteri- 
zation may be necessary with increasing residuals. 
Prophylactic antibiotics are used for urinary tract infections 
and reflux nephropathy. Adrenergic drugs may be effective 
for a weak bladder neck causing stress incontinence.” Mayo 
advocated muscle relaxants (e.g. diazepam, baclofen) for his 
patients with voiding difficulties due to spasticity of their 
pelvic floor muscles.’ Using a combination of medication 
and behavioral modification (e.g. frequent voiding sched- 
ule), Decter et al* were able to improve the incontinence in 
21 of the 27 cerebral palsy patients (78%) who had 


adequate follow-up data. Cerebral palsy patients with 
detrusor-sphincter dyssynergia are most at risk of develop- 
ing hydronephrosis and renal deterioration, and should 
have long-term upper tract monitoring. Karaman et al° 
advocated early intermittent catheterization with or with- 
out anticholinergics for increased residual urine and void- 
ing biofeedback in the 4 children with detrusor-sphincter 
dyssynergy on urodynamic studies. In these patients with 
worsening renal function, and in whom intermittent 
catheterization is not a realistic alternative, a vesicostomy or 
urinary diversion (ileal conduit or continent diversion) 
should be performed.**!' Long-term catheterization for 
neuropathic bladders is generally not recommended 
because of the high complication rates of stone formation, 
urinary bypassing, and upper tract dilation. >” 

Selective sacral dorsal rhizotomy for controling lower 
limb spasticity in cerebral palsy patients may result in a 
lower motor neuron lesion of the bladder. Abbott noted 
urinary retention in 7% of the 200 patients who underwent 
this procedure, although it was transient in all but one of 
the 13 patients.'!* Houle et al demonstrated an increase in 
bladder capacity (p <0.005) by carrying out pre- and post- 
sacral rhizotomy urodynamic studies in 13 patients.'° The 
resultant improved bladder storage and better mobility 
enabled some patients to become continent, and Sweetser 
et al found that the patients with milder forms of spasticity 
were most helped by this procedure.'*!® 


Cerebellar and 
spinocerebellar disorders 


In cerebellar ataxia, the cerebellum and/or the pathways 
connecting the cerebellum with other parts of the nervous 
system undergo progressive, premature neuronal death 
and atrophy. The result is a heterogeneous spectrum of 
motor abnormalities, which is manifested in an abnormal 
broad-based gait, incoordination, tremor, dysarthria, and 
motor and autonomic dysfunction. The etiology in many 
cases is an underlying genetic abnormality, of which 
Friedreich’s ataxia is the commonest and accounts for at 
least 50% of hereditary ataxias. The nonhereditary ataxias 
can present acutely, subacutely, or can also have a chronic 
course. The nature and extent of urinary disturbances 
depend on the site of involvement in the central nervous 
system. In isolated cerebellar disorders urinary disturbance 
is generally absent.'”? More frequently, the degenerative 
neuropathologic process affects multisystems including 
the brainstem, cerebrum, and spinal cord, in which case 
urinary symptoms are more likely. 

In patients with spinocerebellar ataxia, urinary symp- 
toms most commonly manifest as incontinence and 
urgency. Among 195 patients (aged between 8 and 54 years) 


Cerebral palsy, cerebellar ataxia, AIDS, phacomatosis, neuromuscular disorders, and epilepsy 393 


Urodynamic findings in patients with 
cerebellospinal ataxia 


Leach etal!” Vezina et al!? Chami et al!® 


Number of i5 17 55 
patients 

Hyperreflexia 8 (53%) 7 (41%) 14 (25%) 
Detrusor- 

sphincter 3 (6%) 6 (37%) 

dyssnergia 

Detrusor 4 (27%) 9 (16%) 
acontractility 


with hereditary spinocerebellar ataxia, Chami et al found 
23% had urgency and 6% had urinary incontinence.'® 
Reports on urodynamic findings on patients with ataxia are 
limited (Table 31.4), and in some the authors have found it 
difficult to classify the bladder disturbance.!™" Detrusor 
hyperreflexia appears to be the most common finding, 
which is not surprising as the cerebellum and basal ganglia 
are important in influencing the cerebral—brainstem loop 
that facilitates the coordinated voluntary control of the 
voiding reflex. Detrusor-sphincter dyssynergia and acon- 
tractility are less common and correlate with the extent of 
neuronal damage in the spinal cord. In Chami’s paper, 36 of 
the 55 patients who had urodynamic studies had no urinary 
problems, and although 23 (64%) had normal urodynamic 
studies, detrusor hyperreflexia and detrusor acontractility 
were found in 6 and 2 patients, respectively.'® 

Treatment for urgency and urge incontinence in patients 
with ataxia ideally should be specific to the urodynamic 
findings. However, the likelihood is an underlying hyper- 
reflexic bladder and these patients could be treated empir- 
ically with anticholinergics if they do not carry large 
residual volumes. Patients with under active detrusor can 
be treated with intermittent catheterization. Leach et al 
successfully treated their 3 patients with sphincter dyssyn- 
ergia with a combination of o-sympathetic blockade 
(phenoxybenzamine), diazepam, and baclofen." 

Nonhereditary ataxias with a multitude of etiologies, e.g. 
alcohol intoxication, neurosarcoidosis, superficial siderosis, 
can present acutely or subacutely, with urinary incontinence 
as a common copresenting symptom.” Urodynamic stud- 
ies are not commonly performed in the investigation of 
such patients, but when they have been done a hyper- 
reflexic bladder has typically been identified.?°?!* 
Treatment will depend on the etiology and prognosis of the 
underlying condition. In some cases improvements in uri- 
nary control will occur as the underlying disease responds 
to specific treatment.2°?!4 


Human immunodeficiency 
virus (HIV) infection and 
acquired immunodeficiency 
syndrome (AIDS) 


LUTS in the well HIV-positive patient is uncommon and if 
present is usually due to UTI.” However, at the time of 
seroconversion to HIV, the patient may experience a vari- 
ety of neurologic syndromes including acute urinary 
retention and sacral sensory loss.” Impaired micturition 
becomes more common with disease progression and can 
occur as part of a global neurologic dysfunction or due to 
infection.’ Hermieu et al” undertook urodynamic and 
neurologic evaluation in 39 HIV-positive patients present- 
ing with LUTS. A urodynamic abnormality, either an over- 
active or underactive detrusor or detrusor-sphincter 
dyssynergia, was identified in 87% of patients. Of these, 
61% had AIDS-related neurologic problems such as cere- 
bral toxoplasmosis, HIV demyelination disorders, motor 
dysfunction, and AIDS-related dementia. This heralded a 
poor prognosis as 43% in this group died after 2-24 
months (mean 8 months). 

Urinary sphincter abnormalities leading to either uri- 
nary incontinence or retention can occur as a result of 
spinal cord compression (e.g metastatic lymphoma, tuber- 
culoma), or infection of the spinal cord (myelitis) or nerve 
roots (radiculitis) by opportunistic infections such as 
cytomegalovirus (CMV), toxoplasmosis, and herpes. 
Diagnosis of the underlying cause for the neurologic com- 
plication requires MRI of the spine, biopsies of abnormal 
spinal lesions, cerebrospinal fluid analysis, and also the 
identification of concurrent opportunistic infections.” 
CMV polyradiculopathy is very rare but eminently treat- 
able and reversible if caught early. The patient presents 
with back and sciatica pain with bladder or bowel dysfunc- 
tion. A lumbar puncture is performed and the diagnosis is 
made by finding a polymorphonuclear cell-predominant 
pleocytosis and by confirming the presence of CMV using 
PCR in the cerebrospinal fluid. Detrusor failure due to a 
lower motor lesion is uncommon and is usually caused 
by malignancy or infection such as herpes. These patients 
should be taught clean intermittent self-catheterization. 
Long-term indwelling catheters are best avoided in 
HIV-infected patients because of their vulnerability to 
Staphylococcus aureus bacteremia. 


Neurocutaneous syndromes 
(phacomatosis) 


Neurocutaneous syndromes encompass a number of 
congenital or hereditary conditions featuring involvement of 
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nervous system, eyeball, retina, and skin. They present in 
childhood and slowly progress through adolescence, with 
many conditions demonstrating a propensity to malignant 
transformation. Most cases are genetically determined, 
although sporadic cases can occur.™™ Minor features are 
often present from birth, but with age neoplasia can often 
develop. Bladder disorders are unusual in many of these con- 
ditions, but the reported cases are discussed below. In some 
phacomatoses, such as tuberose sclerosis, bladder disorders 
have not been reported. Neurogenic bladder abnormalities 
have most commonly been reported in neurofibromatosis. 


Neurofibromatosis types 1 
(von Recklinhausens disease) 
and 2 (central type) 


There are numerous reports of various neurofibromatosis 
type 1 associated tumors affecting the urinary system and 
particularly the bladder. They are usually derived from 
nerves of the pelvic, vesical, and prostatic plexuses,” and 
include benign and, less commonly, malignant neurofibro- 
mas,*”->* paragangliomas,® and other occasional malignant 
tumors.** They should be suspected when patients with 
neurofibromatosis develop any urinary symptoms, as they 
may present in a multitude of ways. Lower urinary tract 
symptoms, enuresis, flank pain, incontinence, or symptoms 
related to urinary tract obstruction may occur, but in addi- 
tion localized pain, low back pain, and lower limb dysesthe- 
sia can occur.” These symptoms may result from the tumor 
size and/or neurogenic involvement.” >? 

A conservative management approach to tumors caus- 
ing urinary symptoms has been suggested due to likely 
damage to adjacent organs on attempted extirpation. 
However, careful follow-up is necessary to detect signs of 
upper tract obstruction, which may be a sign of tumor pro- 
gression or malignant transformation.”® 

Neurofibromatosis type 2, and related conditions such 
as spinal schwannomatosis, may also lead to upper motor 
neuron syndromes when tumors such as schwannomas, 
neurofibromas, meningiomas, or hamartomas*®! damage 
the spinal cord. Neurofibromas or schwannomas,°’ 
or other tumors, may involve the conus or cauda equina. 
In such cases, a mixture of upper and/or lower motor neu- 
ron bladder symptoms could occur. The typical presenta- 
tion of conus and cauda equina lesions and the effects on 
the bladder have been described in earlier chapters. 


Cobb syndrome 


Cobb syndrome is a rare neurocutaneous syndrome mani- 
fest by cutaneous nevi and spinal angiomas within the same 


metaphere.® Wakabayarshi et al” reported an 8-year-old 
boy presenting with difficulty initiating micturition, con- 
stipation, low back pain, and a mild spastic paraparesis. 
Multiple angiokeratomas were present over dermatomes of 
the cervical region and lower sacral region on the right and 
over the lumbar and sacral areas on the left. Multiple 
angiomas were present in the cervicothoracic spinal cord 
and conus medullaris, with evidence of bleeding from an 
upper thoracic angioma that had probably produced his 
presenting symptoms. His symptoms gradually improved 
without surgical intervention. This phenotype most closely 
resembles Cobb syndrome, but unusually he also had cere- 
bral angiomas that are rare in this condition. 


Klippel—-Trenaunay—Weber 
syndrome 


In Klippel—Trenaunay—Weber syndrome intracranial and 
intraspinal angiomas may occur in association with hyper- 
trophy of skeletal muscles and visceral involvement.’'~7? 
Urinary symptoms would be expected if symptomatic 
spinal cord pathology occurred due to pressure or bleeding 
from large spinal angiomas. Kojima et al’* reported one 
such case with a nevus flammeus, varices, hypertrophy, and 
elongation of the left leg. The patient presented with a pro- 
gressive paraparesis and urinary retention due to an exten- 
sive spinal arteriovenous malformation extending from 
T11 to L2. The arteriovenous malformation was treated 
surgically with an initial deterioration in bladder function, 
however, 6 months later her motor function improved to 
the preoperative state and the bladder dysfunction disap- 
peared. 

Various other non-neurogenic genitourinary manifesta- 
tions may occur in Klippel—Trenaunay syndrome. They 
tend to occur in the more severe cases and usually involve 
cutaneous vascular malformations of the trunk, pelvis, and 
genitalia, sometimes with intra-abdominal and intrapelvic 
extension of the vascular malformations.” 


Proteus syndrome 


Proteus syndrome has numerous manifestations. It is char- 
acterized by massive tissue overgrowth and asymmetry. 
Frequent features include partial gigantism of hands and 
feet, nevi, and hemihypertrophy, as well as other multisys- 
tem involvement.*° Neurogenic bladder symptoms are not 
a reported feature of this condition,” but urinary tract 
involvement may occur. In one case presenting with renal 
tract stones, left-sided ureterovesical reflux was found on 
the same side as hemihypertrophy. The authors postulated 
that the unilateral involvement was a feature related to 
hemihypertrophy,”° however, similar cases have not been 
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reported to further corroborate this. In another case, 
leiomyoma of the urinary bladder occurred.” 


Neurocutaneous melanosis 


Neurocutaneous melanosis is a form of phakomatosis in 
which there is a proliferation of melanocytes in skin and 
meninges. The most common skin lesion is a giant pig- 
mented hairy nevus, but diffuse pigmentation can also 
occur. Infiltration of the pia and arachnoid by melanocytes 
can usually be seen macroscopically. There is an approxi- 
mate 2 to 13% risk of malignant change in skin and a 50% 
risk of malignant change in the meninges. Typical neuro- 
logic abnormalities include hydrocephalus (probably due to 
vascular obstruction of the fourth ventricle), epilepsy, 
intracranial hemorrhage, cranial nerve palsies, and psychi- 
atric disturbance. Neurogenic bladder has not been a feature 
except in one case reported by Sawamura et al.”° The 13- 
year-old subject of their report presented with signs attrib- 
utable to a large right frontal malignant leptomeningeal 
melanoma. Amongst his other clinical features was a neuro- 
genic bladder, although, as there was no direct spinal 
involvement from the neurocutaneous melanosis, it was 
more likely to be attributable to his coexisting spina bifida. 
In 28 additional cases reviewed from the literature, neuro- 
genic bladder disturbance was not reported, suggesting that 
it is unlikely to be a disease feature.” 


Neuromuscular disorders 


Neuromuscular junction 
disorders 


Myasthenia gravis 


Myasthenia gravis is an autoimmune disorder due to the 
presence of antiacetylcholine receptor antibodies that bind 
to the nicotinic cholinergic receptors at the motor endplate 
of the neuromuscular junction. It typically affects striated 
muscle, causing weakness with fatiguability. In 15% of 
patients its effects are confined to the ocular and facial 
muscles, causing ptosis and diplopia; however, more gener- 
alized weakness occurs in the majority of remaining 
patients. Although the antibodies act on nicotinic cholin- 
ergic receptors, antibodies have also been demonstrated 
against muscarinic cholinergic receptors. 

Bladder disturbance attributable to myasthenia gravis is 
unusual, but a number of individual case reports have been 
published.””“* The clinical, urodynamic, and neurophysio- 
logic findings in these cases are summarized in Table 31.5. 
The bladder dysfunction in all cases resembled a lower 
motor neuron pattern with variable degrees of detrusor 


areflexia/atonia. In the patient reported by Sandler et al,*? 
the voiding dysfunction was complete and prolonged, and 
the patient required long-term intermittent catheteriza- 
tion. Unfortunately the authors do not report on the 
response of the original myasthenia gravis symptoms. In 
other patients, urinary symptoms have responded to med- 
ical therapy directed at the myasthenia gravis.*°*? In some 
rare cases, voiding dysfunction may be the initial present- 
ing symptom,””*! and in others may be associated with an 
exacerbation of generalized myasthenia gravis.**? The 
detrusor muscle is predominantly under control of the 
parasympathetic nervous system with muscarinic innova- 
tion. Detrusor failure suggests involvement of acetyl- 
choline receptor antibodies at muscarinic receptors on the 
detrusor muscle itself or in the pelvic ganglia. The fluctua- 
tion in severity related to drug treatment of myasthenia 
gravis suggests a causal relationship in some cases. 

Urinary symptoms in myasthenia gravis have also been 
reported in male patients who have undergone prostatic 
surgery. Greene et al reported six men with bladder out- 
flow obstruction who underwent a transurethral resection 
of the prostate (TURP) and subsequently developed uri- 
nary incontinence. They hypothesized that the resection 
led to some form of injury to the external sphincter that 
had already been compromised by the underlying myas- 
thenia gravis. They therefore recommended an incomplete 
resection in order to leave distal tissue that they felt would 
prevent trauma to be sphincter. They later reported a 
seventh man with myasthenia gravis who underwent an 
incomplete resection who initially remained dry, but 3 
months later developed urge incontinence. Subsequently, 
Wise et al found that incontinence after TURP was associ- 
ated with the use of blended current, and that patients 
treated with either high frequency unblended current, par- 
tial proximal resection, or open prostatectomy remained 
dry.®° Unfortunately urodynamic or EMG studies were not 
made in these cases and therefore the pathophysiologic 
mechanism is unclear. However, Khan and Bhola®® 
reported another patient who remained continent after an 
open prostatectomy. Preoperative EMG of the external uri- 
nary sphincter revealed fatiguability and abnormal motor 
units, suggesting an underlying neurogenic weakness of the 
continence mechanism. The authors postulated that elec- 
trical current could further damage this mechanism, possi- 
bly by damaging residual acetylcholine receptors.*° 


Lambert—Eaton myasthenic 
syndrome 


Lambert—Eaton myasthenic syndrome (LEMS) is charac- 
terized by muscle weakness as well as autonomic dysfunc- 
tion; it is associated with small cell lung cancer in 
approximately 60% of cases and is often associated with 
the presence of anti-P/Q-type voltage-gated calcium 
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The clinical, urodynamic and neurophysiological findings of myasthenia gravis patients with bladder disturbance 


Age Myasthenia Urinary 
Reference Sex characteristics symptoms Urodynamic and EMG findings 
80 59 Generalized MG Difficulty voiding Normal bladder capacity (430 ml). 
Female Incomplete bladder emptying Normal filling sensation 
Frequency Atonic detrusor (pressure < 8 cmH,O) 
Severity related to treatment during attempted void 
with pyridostigmine Voiding by abdominal pressure with poor 
flow and interrupted flow pattern 
81 31 Generalized MG Stress incontinence Open bladder neck 
Female Bladder neck suspension 8 months Inability to sustain pelvic floor contraction 
before MG diagnosed Bladder hyperreflexia 
Associated with deterioration 
in MG condition 
82 20 Seronegative ‘Urinary disturbance’ Atonic bladder 
Female Generalized MG Symptoms responded to treatment 
with steroids and thymectomy 
79 Elderly Generalized MG Urgency and urge incontinence Detrusor hyporeflexia 
Male Uncontrollable flatus and fecal 
incontinence on sneezing and 
coughing 
83 39 Seropositive Incontinence followed by retention Bladder capacity 662 ml 
Female Generalized MG with constipation at time of Areflexic detrusor 
myasthenic crisis Unable to generate 
detrusor contraction and unable to void 
EMG - low intensity unchanged during 
bladder filling 
84 61 Generalized MG Frequency Residual volume 100 ml 
Female Difficulty voiding Detruser underactivity 


Incomplete bladder voiding 
Recurrent urinary tract infections 


Poor flow rates and voided by abdominal 
straining 


channel antibodies.*’*? Dysautonomia is frequent in 
LEMS and involves cholinergic and adrenergic systems,” 
but neurogenic bladder involvement is rare. 

In one series of 50 patients, autonomic symptoms 
occurred in 80% of patients, with dry mouth and impo- 
tence being the most frequently experienced symptoms, 
followed by constipation, blurred vision, and sweating 
abnormalities; there were no reports of bladder dysfunc- 
tion.”! Another study involving 30 patients had similar 
findings.” Bladder dysfunction has been reported in five 
cases,”°>* although detailed features, including urody- 
namic findings, have only been reported in one case.” In 
this report, Satoh et al described a 71-year-old Japanese 
woman with neurophysiologically and serologically 
confirmed LEMS. She was initially treated with anti- 
cholinesterase drugs, corticosteroids, and plasma exchange. 


Four years after presentation her condition deteriorated 
and she was unable to stand or walk. She complained of a 
dry mouth and urinary frequency greater than 15 times 
per day. Urodynamic studies consisting of uroflowmetry, 
cystometry, and urethral pressure recordings were made 
before and after treatment with 3,4-diaminopyridine. 
Maximum urinary flow rate was decreased at 12.8 ml/s, 
suggestive of an underactive detrusor. Bladder emptying 
was reasonable, with postvoid residual volumes of 37 ml, 
170 ml, and 70 ml on three separate measurements. After 
treatment with 10 mg of 3,4-diaminopyridine muscle 
weakness and dry mouth dramatically improved and this 
was associated with reduced urinary frequency. Post-treat- 
ment anal sphincter EMG and detrusor and abdominal 
pressures also increased markedly during voiding, and the 
maximum urine flow rate normalized from 12.8 ml/s to 
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17.9 ml/s. The presentation with frequency is a little 
unusual in disorders manifest by detrusor underactivity; 
however, this patient’s urinary symptoms undoubtedly 
improved with better detrusor contractility. 

Detrusor muscle pressure and abdominal muscle pres- 
sure were reduced in voiding, suggesting that the neuro- 
genic bladder was caused by defective neurotransmission 
in both autonomic detrusor muscle and skeletal abdominal 
muscle. Furthermore, the response to 3,4-diaminopyridine 
suggests that the neurogenic bladder was directly attribut- 
able to the dysautonomia of LEMS. The authors speculated 
that this was due to the action of anti-P/Q-type voltage- 
gated calcium channel antibodies on the bladder. In sup- 
port of this theory they cited a number of animal studies 
suggesting an important role for these antibodies in medi- 
ating neurotransmitter release in the urinary bladder of 
mice, rats, and guinea pigs.**°”"8 


Muscular dystrophies 
Myotonic dystrophy 


Myotonic dystrophy is a disorder characterized by myoto- 
nia (sustained contraction of muscle in response to electri- 
cal or percussive stimuli) and dystrophy (progressive loss 
of skeletal muscle with fibrosis and fatty infiltration). 
However, it is a multisystem disorder with the most promi- 
nent manifestations in skeletal muscle, the cardiac conduc- 
tion system, brain, smooth muscle, and lens. It is inherited 
as an autosomal dominant trait with variable penetrance 
and phenotypic expression, and it demonstrates the phe- 
nomenon of anticipation with worsening of the disease in 
subsequent generations. The genetic mutation primarily 
responsible for the autosomal dominant inheritance of 
myotonic dystrophy is a variable triplet repeat (CTG) that 
is located on chromosome 19 in the 3’ untranslated region 
of a gene with protein kinase domains named myotonin 
protein kinase.” 

Smooth muscle abnormalities are well recognized in 
myotonic dystrophy but predominantly affect the gastro- 
intestinal tract. Urinary tract dysfunction is much less 
commonly encountered.'” Urinary retention without evi- 
dence of other pathologic conditions was noted in a num- 
ber of early reports.'°'' Bundschu et al!” described two 
brothers with myotonic dystrophy who developed dilata- 
tion of the renal pelvis, ureter, and bladder due to pre- 
sumed smooth muscle involvement. However, in a more 
systematic study using cystomerograms involving 9 
patients, Orndahl et al! found normal bladder function in 
all cases. More recently, in two systematic studies sympto- 
matic bladder dysfunction was found in 6 of 16 
patients.'°°'°” Symptoms often occurred at a young age and 
included urinary urgency, frequency, and stress inconti- 
nence. Urodynamic investigation revealed reduced urethral 


pressures and abnormal motor units in the external sphinc- 
ter. There was a suggestion that, in women in particular, 
pelvic floor muscle involvement may have been contributory. 

Histopathologic findings in reported cases have been vari- 
able. The bladder was reported to be normal in one autop- 
sied case,” however in another case, Harvey et al!” found 
slight vacuolization of the bladder smooth muscle syn- 
cytium and an increased number of nuclei. Furthermore, 
Pruzanski and Huvos,'” in another autopsy study, demon- 
strated muscle degeneration in the bowel and bladder. 
Histology of the bladder showed separation of myofibrils 
by edematous fibrous tissue, variation in muscle fiber size 
and shape, and longitudinal myofibers showed break-up 
with hypereosinophilia. Fibrous tissue replacement as seen 
in the bladder of the latter case is frequently seen in skele- 
tal muscles of patients with myotonic dystrophy. However, 
it should be noted that this patient also had evidence 
of prostatic hyperplasia with some trabeculation of the 
bladder wall and thus the significance of these pathologic 
changes is uncertain.!° 


Limb-girdle muscular dystrophy 


Limb-girdle muscular dystrophies (LGMD) are a group of 
genetically heterogenous disorders that share similar pre- 
senting features.''? Their classification is based on mode of 
inheritance and chromosomal localization, with the gene 
product known in increasing numbers of subtypes in 
many, and currently 11 limb-girdle dystrophies can be 
defined by gene product, but identification of others is 
likely soon.'!*"'!” Limb-girdle dystrophies occur in both 
sexes, with onset between the second and sixth decade, 
usually in late childhood or early adulthood, although 
onset can occur at almost any age. Weakness in many cases 
begins in the pelvic girdle musculature then spreads to the 
pectoral muscles, although the reverse is not unusual. 

The various phenotypes have been widely characterized 
and urinary symptoms are unusual. However, Dixon et al!!? 
reported a 48-year-old woman with clinical, laboratory, and 
neurophysiologic evidence of LGMD with urinary symp- 
toms that appeared to be related to the presence of LGMD. 
The patient was nulliparous and had originally developed 
stress incontinence at the age of 12 years when jumping. 
This progressed over subsequent years until it was present 
on coughing and walking. Videocystometogram showed 
marked bladder descent and stress incontinence with no 
detrusor instability and normal urethral sphincter EMG. 
Histology of pelvic floor muscles revealed changes consis- 
tent with LGMD: large variability of fiber size with hyper- 
trophied and atrophic fibers and type 1 fiber predominance, 
frequent internal nuclei, and disruption of the myofibrillar 
pattern. Unfortunately, at the time this report was made it 
was impossible to identify the specific phenotype although 
it may represent a subtype with early and predominant 
involvement of pelvic muscles. Although not directly 
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Clinical features and neurophysiologic findings in seven patients with DMD (adapted from Caress et al!) 


History of Urodynamic/ Detrusor-sphincter Uninhibited Motor unit 
Patient Age spinal fusion Symptoms urethral EMG dyssynergy contractions appearance 
17 Yes Retention Normal No No Normal 
2 14 Yes Urgency, UMN No Yes Normal 
incontinence 
3 11 Yes Voiding LMN No No Long 
difficulty duration 
4 17 Yes Incontinence, 
frequent UTIs UMN Yes Yes Normal 
8 No Incontinence UMN No Yes Normal 
6 16 2 Urgency, UTI. 
incontinence UMN Yes Yes Normal 
7 16 Yes Incontinence UMN Yes Yes Normal 


neurogenic in etiology, the weak pelvic floor muscles led to 
abnormal positioning of the vesicourethral junction, which 
was the most likely cause of the incontinence in this case. 


Duchenne muscular dystrophy 


Duchenne muscular dystrophy (DMD) is an X-linked dis- 
order that is the most common muscular dystrophy in chil- 
dren. It is characterized by progressive weakness of skeletal 
muscle with onset in early childhood. The disorder is 
caused by loss-of-function mutations of an extremely large 
gene located on the X-chromosome (Xp21). The protein 
product of the gene, dystrophin, is absent or markedly defi- 
cient. Dystrophin is a cytosolic protein associated with the 
external membrane of skeletal, cardiac, and smooth muscle 
cells and of some neurons. Lack of dystrophin ultimately 
leads to a chronic necrotizing myopathy with marked 
muscle wasting. The disease progresses over 20 years and 
is always associated with an inability to walk.''4 

Despite the fact that most patients with DMD have nor- 
mal sphincter function, some patients will experience uri- 
nary incontinence. It is not uncommon for a short period 
of urinary and bowel incontinence to occur around the age 
of 12 years, as the child becomes wheelchair-dependent. 
This appears unrelated to structural pathology such as 
increasingly severe scoliosis, and is thought to be a mani- 
festation of depression. It usually resolves within a few 
months.!!> 

Neurogenic bladder disorders do also occur, albeit 
unusually. In one retrospective study from the Mayo Clinic 
in Rochester, 33 patients with DMD, born between 1953 
and 1983 and followed during their second decade of life, 
were studied. Urinary disturbance was described in only 
two of the 33 cases (6%); it occurred relatively late in the 
disease course and in both cases was manifest by urinary 


retention. In one 12-year-old boy, acute urinary retention 
occurred several weeks following surgery for correction of 
scoliosis. In the other case, acute urinary retention 
appeared while the patient was undergoing an excretory 
cystourethrogram for nephrolithiasis. Although this set- 
tled, acute retention recurred several months later. 
Detailed urodynamic studies were not reported and the 
authors were unclear about the significance of these find- 
ings in view of the associated events.'!® 

In another study, Caress et al” identified 7 boys with 
DMD who had undergone urodynamic tests at the 
Children’s Hospital of Boston during the years 1978-94. The 
clinical, urodynamic, and neurophysiologic findings are 
summarized in Table 31.6. Five of the boys complained of 
urinary incontinence and 2 had difficulty initiating voiding 
consistent with urinary retention. Five of the boys had 
undergone a spinal fusion procedure, and in 2 of these there 
was a temporal relationship between their spinal fusion 
surgery and the onset of urinary dysfunction, similar to the 
case reported by Boland et al.'!® In one of these cases acute 
urinary retention and left lateral thigh and testicular numb- 
ness occurred immediately following his T4—L5 spinal 
fusion. In another case, bladder and bowel incontinence was 
associated with paraplegia and a T10 sensory level following 
a spinal fusion procedure. None of the other 6 patients had 
upper motor neurone signs, although the severe muscle 
wasting and weakness could have obscured subtle signs. 

Sacral reflexes were preserved in all of the patients and 
bladder contractions were of normal or high pressures in 
all but one child. Urodynamic studies and EMG were 
abnormal in 6 cases, with 5 out of 6 exhibiting upper 
motor neuron dysfunction. There was no clear pattern of 
bladder size or postvoid residual volume in this group, but 
uninhibited contractions were a frequent finding (4/5), as 
was detrusor-sphincter dyssynergia (3/5). One patient had 
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normal reflexes but enlarged motor units suggestive of 
reinnervation and was classified as having lower motor 
neuron dysfunction. This 11-year-old had a normal capac- 
ity bladder and an initial postvoid residual urine volume of 
250 ml.'!” Despite the advanced disease course in most of 
the cases, unlike the previous case with LGMD'" there was 
no evidence of myopathic motor units or abnormal spon- 
taneous activity in the pelvic floor muscles. Furthermore, 
bladder pressures generated during voiding or during 
uninhibited contractions were normal or elevated, suggest- 
ing that no significant detrusor myopathy was present.!!” 

The upper motor neuron lesions in these cases, and in 
the case of Boland and colleagues,''® are most likely to be 
due to progressive scoliosis or complications of surgical 
treatment, or both. The temporal nature of urinary distur- 
bance to a surgical procedure in at least 3 of 9 reported 
cases suggests a direct causal relationship. In the other cases 
that had undergone surgery, the lack of a clear temporal 
relationship does not exclude a similar mechanism. Caress 
and colleagues also postulated that upper motor neuron 
dysfunction could result from the action of DMD on the 
central nervous system.!!” Dystrophin is present in the nor- 
mal brain and its presumed absence in DMD patients may 
be related to the cognitive deficiencies seen in many 
affected individuals. Thus they suggested that an absence 
of dystrophin in the brain or spinal cord could account for 
the upper motor neuron findings. However, they con- 
cluded that it is an unlikely explanation as there are no 
other upper motor neuron signs, and it would be unlikely 
to cause isolated bladder/sphincter dyssynergy.''” 

The treatment of bladder disturbance in these cases fol- 
lowed standard therapy and all patients were subsequently 
treated with anticholinergic medicines or clean intermit- 
tent catheterization, or both. 


Epilepsy 
Seizure classification 


Seizures are symptoms of cerebral dysfunction, resulting 
from paroxysmal hyperexcitable and/or hypersynchronous 
discharges of neurones involving the cerebral cortex. 
Epilepsy is defined as a disorder characterized by recurrent 
epileptic seizures. The International Classification of 
Epileptic Seizures divides the clinical manifestations into 
partial seizures, which begin in a part of one hemisphere, 
and generalized seizures, which begin in both hemispheres 
simultaneously. The clinical manifestations of simple partial 
seizures are determined by the function of the cortical area 
involved and are divided by the International Classification 
into motor, sensory, autonomic, and psychic phenomena.'* 
Accordingly, semiology in partial seizures can lateralize and 
sometimes localize seizure onset, which can be of relevance 
in patients undergoing presurgical evaluation. 


Cortical bladder control and 
seizure localization 


A number of regions within the brain are implicated in 
cortical control of urinary function. Functional studies 
using PET and SPECT suggest lateralization to the right 
hemisphere for cortical bladder control and more specifically 
involvement of the right medial temporal gyrus, right ante- 
rior cingulate gyrus, right inferior frontal gyrus, right frontal 
operculum, dorsomedial pontine tegmentum, periaqueduc- 
tal gray, and rostral hypothalamus.'!?"!*! Furthermore, in 
patients with structural pathology, urinary incontinence 
usually correlates with right hemisphere involvement, ">! 
and in elderly patients, urge incontinence with reduced 
bladder filling sensation is associated with right frontal 
abnormalities on SPECT scanning.'*4 Thus, given that 
semiology of partial seizures is dependent on the cortical 
function involved, it is not surprising that disorders of mic- 
turition are seen during seizures arising from the above 
regions of the brain. 


Urinary symptoms in epilepsy 


Urinary incontinence is a common and well-recognized 
feature of epileptic seizures. Indeed, enquiry into loss of 
continence during seizures or blackouts is a routine aspect 
of history taking. Incontinence during episodes of loss of 
consciousness is, however, not diagnostic of seizures, and 
must always be considered along with other ictal phenom- 
ena as incontinence can also occur in simple faints, and 
micturition can induce syncope in some patients. 


Incontinence in seizures 


During typical absence seizures, pressure recordings with 
catheterization reveal increased intravesicular pressure sec- 
ondary to detrusor muscle contraction. Enuresis follow- 
ing generalized tonic-clonic seizures is due to relaxation of 
the external sphincter.'*° During absence status, urinary 
incontinence occurs as a result of either micturitional 
automatism or neglect. Isolated ictal enuresis is rare. The 
exact frequency of incontinence in different seizure types is 
not known. 


Micturition in localization related 
epilepsy (partial seizures) 


The urinary system is primarily under the control of the 
autonomic nervous system and, therefore, seizures involv- 
ing the autonomic nervous system are often associated 
with urinary symptoms. Autonomic seizures often arise 
from mesiobasal limbic, frontal, orbital, or opercular 
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regions, with likely rapid spread of seizure activity into 
hypothalamic areas further contributing to autonomic 
symptoms. Autonomic seizures are more common in the 
presence of impairment of consciousness, but may also 
occur with apparently fully preserved awareness and 
responsiveness.'*”-'? Symptoms in autonomic seizures 
include vomiting, pallor, flushing, sweating, piloerection, 
pupil dilatation, borborygmi, and incontinence. These may 
occur as simple partial seizures or sometimes as an aura 
prior to complex partial or secondary generalized seizures, 
but must be distinguished from secondary effects of other 
seizure types that invariably cause autonomic signs as a 
later feature.'?” Collectively, autonomic phenomena com- 
prise an important and substantial portion of partial 
seizure symptoms, representing approximately one-third 
of all simple partial seizures.'7*"!°° 


Early onset benign childhood 
seizures with occipital spikes 
(Panayiotopoulos syndrome) 


Autonomic symptoms are particularly prominent in the 
so-called Panayiotopoulos syndrome.'*"'*? Cardinal fea- 
tures of this condition include infrequent partial seizures 
that consist of a combination of autonomic and behavioral 
disturbances, vomiting, deviation of the eyes, often with 
impairment of consciousness, that can frequently progress 
to convulsions. Autonomic disturbances of pallor and 
sweating, alone or together with behavioral disturbances 
(mainly irritability), may predominate, particularly in the 
early stages of the ictus. °=" Incontinence of urine occurs 
in 10% of cases, usually when consciousness is impaired 
even without convulsions; less commonly, fecal inconti- 
nence can occur with other autonomic or behavioral fea- 
tures even in nocturnal seizures. Seizures are typically long, 
often lasting for 5 or more minutes and, in 40% for hours, 
consistent with partial status epilepticus. The condition is 
considered benign with an excellent prognosis. About half 
of all patients only have a single attack, and in the majority 
of the remainder spontaneous remission occurs within a 
few years. For this reason, antiepileptic drug treatment is 
rarely used. 


Ictal urinary urge in partial 
seizures (auras) 


An ictal desire to void is an infrequent but well-recognized 
feature of temporal lobe seizures, with a reported fre- 
quency of between 0.4 and 8%.18137-141 Baumgartner et 
al!’ reviewed video-EEG records of 277 patients with 
refractory temporal lobe epilepsy and found 6 (2.2%) 


reported an intense urge to urinate, which they termed 
‘ictal urinary urge. The urge is usually accompanied by 
other auras, which in some can include genital automa- 
tisms.'** EEG localization and imaging using high resolu- 
tion MRI, supplemented by interictal SPECT studies in 4 
patients and ictal SPECT studies in 2 patients, suggested 
onset in the right or left temporal lobes, with intracarotid 
amytal testing confirming that this was the nondominant 
temporal lobe in all cases.'*° Ictal and interictal EEG stud- 
ies in a subsequent report of 6 patients with stereotyped 
ictal urinary urge also found onset in the nondominant, 
right, temporal lobe.'*! In the latter study, temporal lobe 
resection led to seizure freedom in two cases, confirming 
the localization to the temporal lobe.'*! The authors postu- 
lated an area in the nondominant temporal lobe involved 
in the initiation of micturition.'*?'*! The recognition of 
this ‘ictal urge’ in seizure semiology may be of relevance 
when patients are being considered for epilepsy surgery. 


Micturition-induced reflex 
epilepsy 


Recently Glass et al!“ reported a 12-year-old girl with com- 
plex partial seizures beginning, at age 2. From age 10 years 
she had reflex seizures with every micturition and also with 
prayer. Seizures occurred 4 to 6 times per day and were 
refractory to treatment with multiple antiepileptic drugs 
and the ketogenic diet. Seizure semiology observed during 
video-EEG monitoring revealed pupil dilatation and star- 
ing, followed by loss of body tone and at times deviation of 
the head and eyes to the left, with occasional rhythmic 
clonic activity of both arms. Previously, micturition- 
induced seizures have been reported in a number of other 
children. Some have had learning difficulties!“ or struc- 
tural pathology, such as a calcified granuloma in the right 
frontal lobe.'*° Most recently, Okumura et al'** reported an 
8-year-old girl with micturition-induced seizures and cited 
two previous cases from the Japanese literature. 47148 

EEG recordings have suggested onset of seizures in the 
central anterior or right frontal lobe in some cases,'4*'“4 or 
in the deep midline structures with rapid spread to frontal 
regions in others.'*”!4° Reports in other children with 
micturition-induced seizures have failed to demonstrate 
EEG localization, but semiology has suggested onset in the 
supplementary sensorimotor region.!*7-! Furthermore, in 
another patient who had reflex seizures induced by mic- 
turition and stepping into hot water, onset during video- 
EEG of immersion-induced attacks suggested the seizures 
arose in the central midline region.'*? 

In the case reported by Glass and colleagues, ictal SPECT 
studies revealed activity in the anterior cingulate gyrus and 
anterolateral right frontal lobe.'** The regulation of auto- 
nomic and endocrine function is one of a number of 
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Urinary disturbances associated with gabapentin treatment ™* 


Other 
Age/ Seizure Neurological Urinary Gabapentin anti-epileptic 
Sex type status disturbance dose drugs Outcome 
43 Secondary GTCS “Mental retardation’ Daily bladder and 600 mg tid Carbamazepine Incontinence 
Male Atypical absence secondary to perinatal rectal incontinence 600 mg/day resolved on 
tonic hypoxic ischemic unrelated to seizures Phenytoin reducing dose to 
brain injury 300 mg/day 300 mg bid 
34 Secondary GTCS Congenital Weekly bladderand 1800 mg/day Phenytoin Resolved when 
Female Complex partial hemiplegia rectal incontinence 250 mg/day dose reduced to 
unrelated to seizures Phenobarbitone 300 mg/day prior 
180 mg/day to discontinuation 
12 Complex partial Hyperactivity Daily urinary 200 mg tid Valproate Resolved 2 days 
Male and tics incontinence 500 mg bid. after gabapentin 
Convulsive status unrelated to seizures stopped 
epilepticus age 4 years 


functions localized to the anterior cingulate gyrus,'°? and 
the cortical control of micturition itself is coordinated 
from the superomedial portion of the frontal lobe (mainly 
the right) and the anterior aspect of the cingulate gyrus.!°! 
Thus Glass et al postulated a region of hyperexcitability in 
the ‘affect’ component of the anterior cingulate gyrus, with 
seizures triggered by micturition and emotion in their 
patient.’ In the case reported by Okumura et al,!“° sub- 
traction ictal SPECT studies showed increased perfusion in 
the mesial frontal region, suggesting onset in the supple- 
mentary sensorimotor area of the right frontal lobe. 


Urinary symptoms related to 
antiepileptic drugs 


Urinary frequency and incontinence has also been 
reported as an adverse reaction to antiepileptic medication. 
Incontinence is an unusual side-effect of carbamazepine 
and valproic acid,’ and was reported in a single case dur- 
ing a clinical trial of gabapentin,'*? however, details of 
the urinary disturbance and outcome are not available. 
Gil-Nagel et al’*4 reported urinary incontinence in three of 
their 394 cases treated with gabapentin at their tertiary 
referral centre. The clinical details of the three cases are 
summarized in Table 31.7. Gabapentin-related inconti- 
nence included isolated urinary incontinence in one case 
with temporal lobe epilepsy and severe double inconti- 
nence in two cases with secondary generalized epilepsy. 
The problem persisted as long as patients were taking the 
drug and disappeared soon after it was discontinued or the 


dose was reduced. The three patients had medically refrac- 
tory seizures and two adults had signs of generalized or 
multifocal neurologic dysfunction, including mental retar- 
dation and hemiplegia. Incontinence did not appear to be 
related to seizure activity in any patient and video-EEG 
recordings in one patient corroborated this. Unfortunately, 
urodynamic assessment was not undertaken in any of the 
cases and, therefore, the physiologic mechanism for the 
incontinence is unclear. However, the authors postulated 
that, because gabapentin is distributed in most organs and 
tissues, it could act at one or more sites involving not only 
the brain and spinal cord but also the gastrointestinal and 
urinary tracts. Gabapentin enhances the action of gluta- 
mate dehydrogenase and is a weak inhibitor of GABA 
transaminase and may therefore modulate glutamate and 
GABA. Both these neurotransmitters are involved in the 
regulation of micturition in the central nervous system. 
Thus, incontinence could be related to the effect of 
gabapentin in the cortex, interfering with the inhibition 
that the frontal lobe exerts on the pontine micturition cen- 
ter. It is possible that pre-existing damage to the cerebral 
cortex acts as a substrate for the development of 
gabapentin-induced incontinence. 


Treatment of bladder 
symptoms in epilepsy 


Treatment of incontinence related to epilepsy primarily 
involves optimization of antiepileptic drug treatment, or 
other therapies, to minimize the frequency and severity of 
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seizures. However, Harari and Malone-Lee 


15 reported ben- 


eficial effects of oxybutynin in one patient with epilepsy. 
The 30-year-old was invariably incontinent during seizures 
and also at night on occasions. On the assumption that 
incontinence was due to hyperreflexic detrusor contrac- 
tions during seizures, the authors prescribed oxybutynin at 
a dose of 5 mg twice daily. On this dose he remained con- 
tinent despite further seizures. From the earlier discussion 
it can be seen that incontinence in seizures has many 
potential mechanisms. In this case detrusor hyperreflexia 
may have been prominent, however oxybutynin may not 
be as effective if other mechanisms are operating, particu- 
larly if incontinence is a feature of autonomic seizures 
themselves. 
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Syringomyelia and lower urinary tract 


dysfunction 


Marc Le Fort and Jean-Jacques Labat 


Introduction 


Syringomyelia manifests as a liquid cavity in the spinal cord. It 
may be accompanied by neurologic signs. This type of spinal 
cord cavity has been known for a long time through autopsies 
and dissections. The name ‘syringomyelia was coined by 
Olivier d@’Angers in 1824 (syrinx= flute used by the Greek god 
Pan), described in 1867 by Bastian and only accepted as a real 
entity since the years 1950-1960 after Freeman’s studies 
(1953) and the first report by Barnett and Jousse in 1966. Its 
evolution is classically slow and can become functionally dis- 
abling if untreated. Most syringomyelias occur in a congenital 
malformative context (primary syringomyelia), with a late 
clinical expression. A secondary syringomyelia can occur after 
spinal cord injury (SCI). The diagnosis is made by magnetic 
resonance imaging (MRI), but the mechanisms of 
syringomyelia occurrence are not perfectly understood. 


Primary syringomyelia 
Etiopathogeny 
Dysraphic theory! 


According to this ancient theory, syringomyelia would be 
due to a closing defect of the neural tube, which normally 
occurs between the 21st and 28th days of embryonal life. 
This embryopathy would arise from abnormal constitution 
of the posterior raphe. Bony anomalies associated with cer- 
vico-occipital transition and Chiari malformation would 
have no physiopathologic link. 


Hydrodynamic theories 


Gardner’s theory.? In the 1950s, Gardner revolutionized 
the physiopathologic concepts of syringomyelia, introducing 
the notion of a pathogenic role of cerebrospinal fluid (CSF) 
dynamics. This primitive embryologic disorder comprises 


a lack or late opening of the roof orifices of the 4th 
ventricle that links the great cistern with the perimedullary 
and pericerebral subarachnoid spaces. Thus, a CSF 
hyperpressure is responsible for downward dilation of the 
spinal central canal. At birth, this hydromyelia bursts into a 
zone of lower resistance, the gray posterior commissure. It 
generates the syringomyelic cavity, which will have a 
permanent tendency to extend. Prolapse of the cerebellar 
tonsils, which by itself can hamper CSF circulation, 
and the cervico-occipital bony abnormalities would be 
consequences of the hydroencephalomyelia (Arnold— 
Chiari malformation). 


Aboulker’s theory.? This theory insists on the transition 
effect. Any effort generating veinous hyperpressure creates 
growth of CSF pressure in the perimedullary spaces. This 
hyperpressure is normally transmitted upwards to the 
cranious spaces. In the case of cervico-occipital bony 
abnormalities, CSF passage to the great cistern is held up, 
and the consequent hyperpressure furthers CSF entry into 
the medullary spaces, about the level of the posterior 
rootlets. Coalescence of the liquidian lakes forms the 
syringomyelic cavity. 


Clinical signs 


Physical examination may provide the diagnosis of 
medullary cavity and specify its extension that could even 
involve the high spinal cord (syringobulbomyelia). Its 
classic description is: 


e An upper syndrome combining a lower motoneuron 
deficiency with dissociative sensory loss: abolished 
reflexes, amyotrophy, peripheral motor weakness, ther- 
mic and pain anesthesia but with relative sparing of 
light touch and perception. 

e A lower syndrome under the lesion level: upper 
motoneuron weakness and vibratory sensory deficiency. 
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The clinical signs are not often as typical as the classical 
description. One symptom can raise suspicions of a spinal 
cord pathology and should lead to magnetic resonance 
imaging (MRI). However, CSF accumulation within the 
spinal cord does not necessarily result in clinical neurologic 
deterioration, and the time period between the first sign 
and the diagnosis is still 6-8 years.' Xenos et alt mention, 
in cases of spinal lipomas, a possible role for syringomyelia 
in accelerating clinical deterioration. The most frequent 
early functional signs are subjective sensitivity of an upper 
limb (paresthesiae, pain), walking incapacity, cervical or 
cephalic pain, vertigo, motor deficiency of a limb, trophic 
signs (painless burn), and rapidly progressing thoracic sco- 
liosis of adolescence. Electrophysiologic exploration may 
contribute to the early diagnosis, not so much to affirm a 
syringomyelia as to suspect a pathology of the spinal cord.° 


Radiologic signs 
Standard radiography 


There could be indirect signs of an expansive intraspinal 
process: interpedicle enlargement, pedicle thinning, and 
spinal scalloping. A cervico-occipital abnormality, an 
associated bony dysraphism (spina bifida occulta), or 
kyphoscoliosis should be investigated. 


Neuroradiology 


MRI supplants myelography. Myeloscans can be useful to 
study lower dysraphisms. 

MRI®’ has close to 100% sensitivity and specificity. The 
signal of a syringomyelic cavity is the same as a CSF signal, 
and is better seen with T2 exploration. A syrinx is tube- 
shaped and extends beyond the SCI site to at least two 
vertebral levels. The signal is homogeneous and clearly 
delimits the upper and lower limits of the syringomyelia. 
The extension is always much more significant than the 
clinics suppose. The syringomyelic cavity may be multi- 
loculated, and neuroradiology also gives information on 
tension inside the syrinx. MRI can show the associated 
abnormalities, neuromeningeal or cerebellar. 

There seems to be a significant correlation between the 
location of a segmental cavity in the spinal cord and the 
type of presenting symptomatology; however, in the case 
of a holocord cavity, the different types of signs may be 
evenly distributed.’ 


Urinary signs 


Neuro-urologic disorders rarely reveal the development of 
a syringomyelia but are, on the contrary, regarded as a late 


symptomatology.’ Nevertheless, they may be present at the 
time of the diagnosis and should be explored systemati- 
cally, clinically, or through urodynamic studies. These uri- 
nary symptoms appeared after 5.3 years (ranging from 2 
months to 13 years) from the occurrence of neurologic 
symptoms in a Japanese study.’ Neuro-urologic signs read- 
ily coexist with bowel function and lower extremity abnor- 
malities. Lower urinary tract dysfunction and spinal cord 
lesions may be suspected in patients with anorectal abnor- 
malities: among 30 patients presenting with anorectal 
abnormalities, Taskinen et al!° found 4 syringomyelias on 
systematic MRIs, with 2 normal on urodynamic evaluation 
and 2 overactive bladders. 

The urinary signs are not specific most of the time, as 
they constitute a part of the lower syndrome syringomyelia, 
with an upper motor neuron bladder due to a suprasacral 
lesion. Their presentation is close to that of incomplete 
spinal cord lesions: urgency and eventually urge inconti- 
nence, pollakiuria, hesitancy, polyphasic micturition, occa- 
sional temporary urination impossibility, and even acute 
urine retention. Dysuria should provoke the search for 
other apparent causes such as prostate hypertrophy. 
Urodynamic studies argue in favor of such a spinal cord 
lesion, showing a poorly inhibited and/or dyssynergic blad- 
der: lasting and wave-like high contractions are evocative. 

Extension of the cavity into the sacral gray matter can 
give rise to signs of lower motor neuron bladder. Blunted 
micturition need, impaired perception of urine flow, or a 
progressively growing functional capacity of the bladder 
with a lower micturitional frequency can correspond to 
decreased bladder sensitivity or reflexivity on urodynamic 
assessment. Acute urinary retention has been described as 
the first manifestation of syringomyelia and can possibly 
be triggered by a well-defined factor — the Valsalva maneu- 
ver — which would acutely create increased pressure within 
the intraspinal space and the syrinx,'! or a pharmacologic 
side-effect of cyproheptadine." 

These neurourologic disorders will progress in the same 
way as the disease. Serious disease forms will then combine 
with other functional incapacities and loss of autonomy. 
Sakakibara et al,’ studying 11 primary and 3 secondary 
syringomyelias, tried to find a relationship between mic- 
turitional disturbance and neurologic signs. Besides detru- 
sor hyperreflexia, common in patients with Babinski’s sign 
(suprasacral lesion with pyramidal tract involvement), uri- 
nary disturbances (detrusor hyperreflexia or voiding diffi- 
culty) seem to be linked with other neurologic deficiencies, 
especially disturbed sleep sensation. 

Patients are determined to be candidates for treatment 
on the basis of their clinical status and MRI findings. 
Surgery of a primary syringomyelia may be complex 
because of associated malformations. It is difficult to sepa- 
rate symptoms attributed to the syrinx alone, and, when 
associated with syringomyelia, lipoma excision, resection 
of an arachnoid cyst," and cord untethering can, for 
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instance, lead to a reduction in syrinx size: it is controver- 
sial whether syrinx cavities should be allowed to drain by 
themselves.* Intraoperative ultrasonography may be help- 
ful in determing the optimal length of the dural opening.” 
In patients with Arnold—Chiari malformation and 
syringomyelia, suboccipital craniotomy seems to give the 
best chance for syrinx reduction, particulary in children 
younger than 10 years. Scoliosis correction without prior 
syrinx decompression carries a high neurologic risk.'* The 
main goal of surgery is, however, to at least stabilize pro- 
gression of the symptoms.® According to Oakes (editorial 
comment to La Marca et alë) the smaller a symptomatic 
syrinx is at the time of initial treatment, the more likely a 
successful therapeutic intervention will be. 


Secondary syringomyelia 


Syringomyelia can occur without any malformations due 
to spinal cord pathologies: arachnoiditis, tumors, or over- 
all post-traumatic condition (Figure 32.1). The neuro- 
urologic status of SCI patients may change and raise 
suspicions of cavity occurrence. 

Post-traumatic syringomyelia is defined as an 
intramedullary cavity that occurs secondarily to SCI. This 
etiology represents one-quarter of all syringomyelia cases. 
The incidence of post-traumatic syringomyelias is esti- 
mated to be 1.3-5%. Any spinal level can be affected by 
complete or incomplete lesions. The first clinical signs can 
occur between 2 months and 36 years." 


Etiopathogeny 


Pathogenesis theories are still being discussed, but two 
phases (initial formation and cavity extension) have to be 
taken into account. 


Initial formation of the cavity 


The mechanisms that lead to syrinx occurrence are not 
unequivocal. One is a vascular mechanism, especially sec- 
ondary necrosis of a myelomalacic zone and a direct action 
of lysosomal enzymes on the injured parenchyma. The 
other mechanism is arachnoiditis, which is responsible not 
only for ischemia but also for permanent stretching of the 
injured zone during spinal movements. 


Cavity extension 


This mechanism is a more mechanical one. Williams 
et al'® proposed the most compelling theory with a main 
role for variations in venous pressures. Any rise in pressure 


Figure 32.1 


Post-traumatic syringomyelia. 


of the abdominal or thoracic cavity is transmitted to the 
epidural veins, squeezing the spinal cord and pushing the 
eventual intracystic fluid upwards. It is called the ‘slosh’ 
effect, an energetic and upward pulsatile movement of 
fluid, with energy so significant that blockage occurs at 
the lesion site. These phenomena dissect the spinal cord at 
the extremities of the cavity where the spinal cord 
parenchyma is more fragile. The downward extension can 
be explained by another mechanism — slush — a negative 
pressure gradient in relation to the upward movement, 
making liquid enter the cavity.'”!* The extensions are 
favored by arachnoiditis, a tethered spinal cord, or persis- 
tent compression (Figure 32.2). 

Treatment of post-traumatic syringomyelia is essential 
in cases of intractable pain and progression of a motor 
deficit, but it may also include the management of canal 
stenosis and arachnoiditis.’” 
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Figure 32.2 

According to Williams’ theory, secondary extension from the 
initial necrosis zone is a consequence of increased epidural 
venous pressure at the origin of intrachordal fluid movements. 
‘Slush’ leads to rostral extension and breaks down the zones of 
structural weakness; ‘slush’ is the consequence of a pressure 
gradient at the origin of the caudal extension and filling of the 
cavity. These two phenomena are increased in the case of 
blockage in the subarachnoid space.'® (Reproduced with 
permission from Macmillan Publishers Ltd.) 


Clinical signs 


Pain, the main sign, is often associated with paresthesiae 
and numbness; it is noted in more than one-half of 
patients: Rossier et al” reported pain in 17 out of 30 cases, 
dysesthesia in 8, and motor deficiency in 7. This pain may 
be impulsive. The other signs are rarely inaugural and iso- 
lated. Most of the time, sensitive signs consist of thermo- 
algesic dissociation with preservation of tactile sensitivity 
and proprioception. Preservation of normal sensitivity 
between the injury level and the upper sensory signs is 
often found.” Rossier et al” described an ascending sen- 
sory level in 28/30 patients; this ascending sensory level is 
generally unilateral. Increased motor weakness above the 
level of the lesion and loss of reflexes are early signs that 
can also be found.’ 


Radiologic signs 


The diagnosis is also made by MRI, which can disclose the 
upper and lower levels, a multiloculated cavity, and intra- 
cystic turbulences. The signal criteria of syringomyelia are 
the same. Cross-sections transversely localize the cavity in 
the spinal cord. Perrouin-Verbe et al”? reported a mean 


extension of 3.5 segments in asymptomatic patients and 10 
segments in symptomatic cases. The persistent bony 
compression has also been assessed in the genesis of 
post-traumatic syringomyelia.!? 


Urinary signs 


The urinary signs are not specific for post-traumatic 
syringomyelia, but their occurrence in an SCI patient must 
make them suspect. Dysuria may worsen, due to increased 
detrusor-sphincter dyssynergia or decreased bladder reflec- 
tivity; reflex voiding may disappear. Fading of reflex erec- 
tions, difficult ejaculation, or deterioration of autonomic 
dysreflexia can also constitute an alert. These signs of lower 
motoneuron bladder lead to MRI, in a way investigating the 
downward extension of the syringomyelic cavity. 

Possible lesion evolution imposes neuro-urologic fol- 
low-up in SCI patients. Clinical analysis must include 
determination of the level and flaccid or spastic character 
of the lesion, particularly in the sacral area. The mode of 
voiding and its eventual changes have to be assessed. 
Follow-up must be regular during the first 2 years; then, it 
should become annual, with clinical, urodynamic, and 
morphologic studies. Less frequent follow-up can be dis- 
cussed in case there is no significant risk factor. The qual- 
ity of the initial treament of a spinal cord injury is the first 
step in the prevention of a syrinx whose treatment, besides 
techniques of drainage, must also take into account the 
spinal realignment.” 


Conclusion 


Primary or secondary syringomyelia consists of an evolu- 
tive spinal cord syndrome that can lead to lower urinary 
tract dysfunction. MRI can easily confirm the diagnosis if 
it has previously been suspected by systematic clinical 
examination, or directed by functional symptoms. Most of 
the urinary signs are not specific. Primary syringomyelias 
correspond to an upper motor neuron bladder 
(suprasacral lesion), and in the secondary forms, modifica- 
tion of the voiding mode may be due to extension of the 
cavity into the sacral level. Treatment indications have not 
yet been perfectly determined, but surgery is decided on 
the basis of the patient’s clinical status and MRI findings. 
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Clinical evaluation: history and physical 


examination 


Gary E Lemack 


Introduction 


A thorough history and physical examination are the cor- 
nerstones of the initial evaluation of patients with neuro- 
logic diseases suffering from lower urinary tract symptoms. 
While more exact and specific means are often necessary to 
pinpoint the nature of bladder dysfunction in such patients, 
a directed, though thorough history and physical examina- 
tion are essential to defining which patients require more 
costly and invasive testing, and which can be followed with 
alternative strategies. Advanced videourodynamic has 
allowed for a more precise characterization of bladder dys- 
function in patients with neurologic disorders, but failing to 
know what questions to ask, and what signs to observe, can 
lead to erroneous diagnoses, and inappropriate testing. The 
focus of this chapter will be on obtaining as much informa- 
tion as possible on the initial visit by directed questioning 
and a focused examination, so as to be able to discern what 
testing, if any, is necessary on future visits. 


History 
Nature of neurologic disease 


Most, though not all patients, will present to the urologist 
with a known neurologic condition. In patients with pro- 
gressive conditions, it is useful to establish the onset of 
symptoms (often very different to the timing of diagnosis) 
as well as recent changes in symptom severity, as this infor- 
mation may clearly influence treatment recommendations. 
Even patients with a presumably fixed neurologic condi- 
tion (i.e. spinal cord injury, myelomeningocele) may have 
symptomatic deterioration (e.g. due to development of a 
syrinx), and therefore any recent changes in sensory or 
motor function should be directly questioned. Often, 
patients or their caregivers will have tremendous insight 
into the medical condition and will, for example, know the 
Hoehn and Yahr stage of their Parkinson’s disease (PD), 


which can be useful in predicting the severity of bladder 
dysfunction and prospects for further deterioration.! 
Patients with multiple sclerosis (MS) may give a history of 
recurrent flares in conjunction with worsening urinary 
symptoms, which should signal an investigation for recur- 
rent urinary infections as a possible source. However, it is 
clear that the Expanded Disability Symptom Score (EDSS) 
status does not correlate with urodynamic (UD) findings, 
so that even in patients with fairly stable MS, bladder dys- 
function may be present.’ At the very least, initial screening 
for elevated postvoid residuals may also be appropriate, 
even among MS patients with few urinary symptoms. 

In patients with more recent acute events, such as cere- 
brovascular accident, information about the stroke loca- 
tion and the recovery since the event can be useful, since 
stroke location can impact on prognosis.’ It is also quite 
clear from several prospective population-based studies 
that post-stroke persistent incontinence is an ominous 
sign. Along with intermittent claudication, previous tran- 
sient ischemic attacks, and prestroke disability, the finding 
of urinary incontinence after stroke is predictive of death 
within 5 years.“ 

Patients should also be specifically questioned regarding 
symptoms of intervertebral disc prolapse. Those with a his- 
tory of sciatic-type pain or cauda equina syndrome (i.e. 
low back pain, perineal paresthesia, lower extremity weak- 
ness, diminution of sexual function) should be imaged to 
document possible lumbar disc prolapse, which can result 
in lower urinary tract dysfunction in up to 16% of patients. 
Patients with cervical disc herniation appear to be at even 
greater risk for both upper and lower urinary tract 
disorders and should certainly be monitored at periodic 
intervals with UD studies and upper tract imaging." 

Other medical conditions can have a tremendous impact 
on lower urinary tract symptoms (LUTS). Patients should 
be specifically questioned for the presence or history of 
diabetes mellitus, tabes dorsalis, herpes zoster, or extensive 
alcohol use. All of these conditions can result in peripheral 
neuropathies which may cause significant detrusor 
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dysfunction. Anogenital herpes (simplex) can also result in 
LUT dysfunction or frank retention, typically due to severe 
urethral pain associated with vesicular eruptions. 

Surgical history should also be elicited. Patients with a 
history of extensive pelvic surgery (i.e. radical hysterec- 
tomy, abdominoperineal resection, radical prostatectomy) 
as well as pelvic radiation may suffer from LUT dysfunc- 
tion secondary to peripheral nerve damage. In addition, 
direct sphincteric damage may occur during surgery, 
resulting in urinary incontinence. While in certain 
instances these processes may cause progressive vesico- 
sphincteric disorders, there is also evidence to suggest that 
nerve function may recover for a period of time following 
these insults (especially up to 6 months).° 

Current medical treatments should also be documented. 
Medications with properties that can affect the bladder 
outlet (typically with either o-agonist or antagonist prop- 
erties) or detrusor contractility (typically those with anti- 
cholinergic properties) should be recorded, along with 
narcotic and skeletal muscle relaxant use. Many commonly 
prescribed medications have anticholinergic properties 
(Table 33.1), even though their clinical utility may not be 
based on this attribute, and therefore careful documenta- 
tion of all medications used may help to avoid adverse 
events related to the addition of a new agent. 


Nature of lower urinary tract 
symptoms 
Duration of symptoms 


Determining whether LUTS predate the neurologic disor- 
der is often difficult, although it will help to clarify the eti- 
ology in many situations. In slowly progressive diseases, 
such as MS, a clear date of onset is often impossible to 
establish, although a general assessment of the time course 
over which the symptoms worsened is essential. Patients 
with PD also typically have pre-existing LUTS and there- 
fore sorting out which symptoms are neurologically-based 
and which may be due to bladder outlet obstruction, for 
example, is difficult, even with the addition of UD studies. 
In some patients, the date of onset will be quite clear, 
though often, as is the case in patients with cerebrovascu- 
lar accidents, the presence of pre-existing symptoms may 
be difficult to discern. 


Previous urologic history 


Patients will often come referred with a diagnosis of recur- 
rent urinary tract infections, but precisely documenting 
the offending organism and its sensitivities is essential to 
discovering its source. Failure to clear an ongoing infection 
(persistence) and repeated bouts of new infections imply 


Commonly prescribed medications with 


anticholinergic properties 


Anticholinergics 
Atropine (Atropisol ophthalmic) 
Scopolamine (Scopace) 
Glycopyrrolate (Robinul) 
Benztropine (Cogentin) 
Trihexyphenidyl (Artane) 


Anithistamines 
Chlorpheniramine (Chlortrimeton and others) 
Hydroxyzine (Atarax, Vistaril) 
Diphenhydramine (Nytol, Sominex, and others) 
Meclizine (Anitvert, Bonine, Dramamine) 
Promethazine (Phernergan) 


Antipsychotics 
Chlorpromazine (Thorazine) 
Clozapine (Clozaril) 
Thioridazine (Mellaril) 


Antispasmodic 
Dicyclomine (Bentyl) 
Hyoscyamine (Anaspaz, Cystospaz, Levsin) 
Oxybutynin (Ditropan) 
Propantheline (Pro-Banthine) 
Cyclic antidepressants 
Amitryptyline (Elavil) 
Clomipramine (Anafranil) 
Desipramine (Norpramine) 
Imipramine (Tofranil) 
Nortriptyline (Pamelor) 
Mydriatics 
Cyclopentolate (Ocu-Pentolate ophthalmic) 
Tropicamide (Ocu-Tropic ophthalmic) 


different etiologies. Clearly the method of bladder man- 
agement will affect the susceptibility to infection, and the 
use of indwelling or intermittent catheterization should be 
documented. Additionally, the duration of each catheter 
use before change, and the cleaning technique used (inter- 
mittent catheterization), should be recorded, as well as a 
careful reassessment of catheterization technique. Patient 
education as to the correct techniques of intermittent 
catheterization is critical in minimizing infection risk, and 
it is clear that a sterile technique is not routinely war- 
ranted.’ A history of previous bladder, prostate, or upper 
tract surgery must be carefully detailed, and operative 
notes of complex reconstructions reviewed. 


Current urinary symptoms 


While LUTS should be carefully assessed at the time of ini- 
tial presentation, there is no doubt that the interpretation 
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of urinary symptoms may be quite different (and masked) 
in patients with neurologic disease. Therefore, the reliabil- 
ity of LUT symptom questionnaires in most neurologic 
disorders has not been effectively established. Still, sensate 
patients should be questioned for the presence or progres- 
sion of urinary urgency, frequency, and nocturia, in addi- 
tion to other symptoms typically associated with disorders 
of bladder filling. Often, a 2- or 3-day voiding diary (see 
Chapter 34) can be of tremendous help in establishing 
micturition frequency and voided volumes.*? In general, 
greater than 8 voids per day is considered abnormal, 
though clearly this finding is nonspecific. Urinary fre- 
quency may represent detrusor overactivity, impaired 
bladder capacity, excessive urine production (polyuria), 
impaired bladder emptying, urinary infection, stone dis- 
ease, inflammatory bladder conditions, as well as many 
other possible etiologies. 

LUTS typically associated with voiding, such as urinary 
hesitancy, straining, loss of stream, and interrupted urine 
flow, are also important to establish. A staccato type of 
voiding pattern (choppy, interrupted pattern) can be a 
warning sign indicating detrusor-sphincter dyssynergia, 
and should prompt a more through evaluation including 
UD testing. Excessive straining, too, is nonspecific and 
could represent detrusor failure or bladder outlet obstruc- 
tion, and therefore should also prompt urodynamic testing 
in patients with known neurologic disease. However, as 
noted previously, patients with neurogenic bladder condi- 
tions may have elevated postvoid residuals and yet very 
little in the way of LUTS, so a high index of suspicion is 
required in their evaluation. 

Incontinence, when present, should be characterized 
fully. Stress incontinence, occurring with increases in intra- 
abdominal pressure, and most frequently associated with 
physical activity, coughing, straining, and sneezing, should 
be assessed for severity, approximate time of onset, and 
degree of progression. During history taking, incontinence 
may be assessed by pad usage (nonspecific) and question- 
naire response, although questionnaire response may not be 
a reliable indicator of severity of stress-related leakage.'*!! 
Several validated questionnaires are available in men!” and 
women,” though few were specifically designed for use in 
patients with neurogenic bladder conditions.'* SCI patients 
with lower thoracic or lumbar lesions appear to be at great- 
est risk for stress incontinence due to intrinsic sphincteric 
insufficiency, and may note leakage upon transfer. 

Urge incontinence, which is thought to be due to detru- 
sor overactivity, loss of compliance, or heightened bladder 
sensation rather than pelvic floor hypermobility or intrin- 
sic sphincteric weakness alone, as is the case with stress 
leakage, may be best assessed by a voiding diary and pad 
usage. In sensate patients, typical symptoms include the 
sudden, uncontrollable urge to urinate, night-time leakage 
episodes, and, sometimes, leakage during intercourse. This 
is the most common pattern among patients with MS, 


cerebrovascular accident, and PD, among whom the uro- 
dynamic finding of neurogenic detrusor overactivity is 
often noted. 

Patients with overflow incontinence, may present with 
constant low-grade dribbling, recurrent urinary infections, 
or, at times, renal insufficiency due to the presence of sig- 
nificantly elevated postvoid residuals. In most instances, 
overflow incontinence is due to detrusor failure or severe 
bladder outlet obstruction. Patients in the spinal shock 
phase of spinal cord injury will typically present with this 
pattern (due to detrusor areflexia), which will often persist 
in those with lower lumbar and sacral cord injuries. 
Patients with continuous incontinence, which may be due 
to ureteral ectopy, fistula formation, bladder neck erosion 
(from long-term Foley catheter use), or occasionally a 
scarred, fixed urethra, will report constant urinary 
drainage, often with very infrequent voids due to the lack 
of urine accumulation in the bladder. 

The development of new onset urinary symptoms in a 
neurogenic patient who has been followed for some time 
may reflect a new process and repeat evaluation should be 
considered. For example, a patient with spinal cord injury 
and stable LUT function who suddenly develops worsening 
incontinence may need to have repeated spinal cord imag- 
ing in addition to UD studies, while a patient with slowly 
improving urinary urgency following a stroke often can be 
safely followed with noninvasive monitoring. Similarly, 
neurogenic patients who develop verified recurrent uri- 
nary tract infections after a period of stability should be re- 
imaged and consideration given for repeat UD testing, in 
addition to cystoscopy to evaluate for intravesical sources 
of infection. 


Nongenitourinary review of 
systems 


An assessment of bowel function is imperative, as often 
bowel and bladder dysfunction parallel one another in 
patients with neurologic conditions. In patients with SCI, 
the nature of the bowel program should be established (i.e. 
digital stimulation, suppository use, etc.). The presence of 
fecal incontinence, tenesmus, chronic constipation, or 
obstipation should also be recorded. 

A sexual history is also quite important, as sexual dys- 
function is also extremely common among men and 
women with neurologic conditions.'>'®* Women may 
report lack of desire (loss of libido) or inability to have 
intercourse secondary to vaginal pain or dryness, or due to 
enhanced vaginal sensitivity (hyperasthesia), particularly 
in the case of MS. In women with SCI, disorders of arousal 
and orgasm appear to be the most prevalent conditions." 
Men may report erectile dysfunction often secondary to 
altered penile sensation. Ejaculatory disturbances due to 
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these changes in sensation (leading to either premature or 
delayed ejaculation), or bladder neck dysfunction (retro- 
grade ejaculation) are also not uncommon. Patients with 
sympathetic outflow interruption, such as those with com- 
plete spinal cord lesions, will often experience anejacula- 
tion. In such instances, vibratory simulation to the penis or 
electrical stimulation applied transrectally can often result 
in successful ejaculation. 


Physical examination 
Neurologic assessment 


A brief neurologic examination is essential when first eval- 
uating patients with presumed neurovesical dysfunction. 
Mental status should be assessed, as significant cognitive 
dysfunction and memory disturbances have been indepen- 
dently associated with LUTS and incontinence. An appre- 
ciation of past and present intellectual capacity may also 
provide insight into the progression of lower urinary tract 
disorders, as well as guide the degree of complexity of 
treatment strategies. Both motor strength and sensory level 
should be determined, as the distribution of motor and 
sensory disturbances can often predict lower urinary tract 
dysfunction.'® 

There should also be a thorough evaluation of both 
cutaneous and motor reflexes at the time of the initial 
encounter. The bulbocavernosus reflex, which is elicited by 
gently squeezing the glans penis in men or gentle compres- 
sion of the clitoris against the pubis in women and simul- 
taneously feeling for an anal sphincter contraction (by 
placing a finger in the rectum), assesses the integrity of the 
S2-S4 reflex arc. The anal reflex, which assesses integrity of 
$2-S5, can be checked by applying a pinprick to the muco- 
cutaneous junction of the anus and evaluating for anal 
sphincter contraction. The cremasteric reflex may be 
somewhat less reliable, but assesses sensory dermatomes 
supplied by L1-L2. 

Muscle motor reflexes should also be routinely evalu- 
ated. The most common of these are the biceps reflex 
(assesses C5—C6), patellar reflex (L2—L4), and Achilles 
(ankle) reflex (L5-S2). Evidence of an upper motor neuro- 
logic injury would include spasticity of the involved skele- 
tal muscle, heightened response to reflex testing, and an 
upgoing toe on gentle stroking of the plantar surface of the 
foot (positive Babinski). 


General issues 


Mode of ambulation and recent progression of ambulatory 
disturbances should be assessed at the initial visit. Clearly, the 
degree of physical independence of the patient, particularly 


as it relates to the ability to transfer oneself to the toilet, 
often affects the degree of urge-related leakage episodes. 
Additionally, certain patients who are nonambulatory may 
have great difficulty with self-urethral catheterization. Should 
that be the case, an abdominal catheterizable stoma may be a 
more reasonable option in the appropriately selected patient. 

Hand function in patients with cervical SCI, and partic- 
ularly the ability to grasp firmly between the thumb and 
index or middle finger, must be carefully judged in patients 
who may require intermittent catheterization following 
treatment. However, it is no longer mandatory that 
patients have use of both hands prior to such an inter- 
vention, as single unit catheter/collection systems have 
become commercially available. 

An evaluation of the skin, particularly in the gluteal 
region, should be carried out, as localized skin and subcu- 
taneous infections as well as more severe skin breakdown 
are not uncommon among patients with restricted mobil- 
ity. Such issues will need to be addressed before major 
reconstructive procedures are considered. Some patients 
may also have intrathecal pumps in place and their loca- 
tion, as well as that of their tubing, should be assessed prior 
to surgical endeavors. 


Pelvic examination 


Pelvic examination should be carried out to assess for vagi- 
nal estrogenization (noting a loss of lubrication, rugation, 
and blanching of the mucosal surface), and pelvic prolapse. 
One should also observe for urine loss (either spontaneous 
or induced by Valsalva’s maneuver or cough). An assess- 
ment of the urethra is essential in both men and women, 
particularly those with chronic indwelling catheters, as 
traumatic hypospadias in men and bladder neck erosion in 
women may require surgical repair or even closure for 
severe cases of erosion. A careful examination of sensation 
of the genitalia may provide insight into the nature of 
sexual dysfunction, as both hypo- and hyperasthesia have 
been described among patients with neurologic condi- 
tions. A rectal examination should assess for sphincter tone 
and for stool impaction, as chronic constipation often 
aggravates voiding dysfunction. In men, the prostate 
should be examined for areas of tenderness or fluctuance, 
since prostatitis and prostatic abscesses are not uncommon 
among men with severe neurovesical dysfunction, particu- 
larly those with chronic indwelling catheters. 


Conclusion 


As we try to provide a thorough, yet cost-effective evalua- 
tion of patients with neurovesical dysfunction, it has 
become apparent that our approach to the initial 
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encounter is crucial in determining what further studies 
may be warranted. Not all patients with neurologic condi- 
tions and coexisting bladder dysfunction merit the same 
initial diagnostic evaluation, nor the same frequency of fol- 
low-up studies. The information obtained during history- 
taking and physical examination remains the framework 
for this type of ongoing decision-making. 
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The voiding diary 


Martine Jolivet-Tremblay, Pierre E Bertrand, and Erik Schick 


Introduction 


Since the advent of urodynamic studies in clinical practice, 
urologists have tried to analyze voiding habits to better 
define lower urinary tract symptoms (LUTS). The bladder 
being an ‘unreliable witness’, diagnosis based solely on 
clinical symptoms was revealed to be inadequate. 

The voiding diary is a well-known diagnostic tool for this 
purpose. However, in spite of the fact that the utilization of 
the voiding diary is recommended by multiple national and 
international associations in many treatment algorithms, it 
is still frequently overlooked by some, even if it is one of the 
simplest noninvasive tests to evaluate the function of the 
lower urinary tract (LUT). The patients complete it at home 
and/or at work, and it offers the advantage of assessing the 
severity of LUTS in their customary environment. By filling 
out the voiding diary, patients become active participants in 
the diagnostic process and their degree of motivation can be 
assessed. In our technologic era, patients often submit very 
complete voiding diaries done with home software on their 
personal computer. On this particular subject, Quinn et al,! 
in a small study of 35 patients, tried to assess the effective- 
ness of a portable electronic diary as a data collection device 
for overactive bladder symptoms, and also to evaluate its 
level of patient acceptability compared with a conventional 
written voiding diary. They confirmed that the electronic 
diary is a novel method of collecting clinically relevant 
symptom data from patients with an overactive bladder. In 
addition, the ease-of-use ratings support the electronic diary 
as a superior alternative to paper diaries, providing real-time 
data, which can be rapidly analyzed, and thus allowing a 
speedy review of data during ongoing clinical studies. This 
probably represents the future for voiding diaries. 

The first studies published on voiding diaries were lim- 
ited to urinary incontinence. However, since the late 1980s 
the voiding diary has become a widely accepted tool in the 
investigation of voiding dysfunctions in women, men, and 
children, including obstructive uropathy, urinary tract 
infection, vesicoureteral reflux, and neurogenic bladder. 

The voiding diary is now a crucial part of most research 
protocols and has become an important criterion for the 


indication of treatments, such as injection of Botox (botu- 
linum toxin A-hemagglutinin complex) or implantation of 
neurostimulation/neuromodulation devices. 

Articles appearing in the literature since the first publi- 
cation of this textbook are numerous and quite varied. In 
reviewing the present chapter we gave precedence to arti- 
cles dealing with the validation of the voiding diary over 
those concerning its many applications. 


Definition and terminology 


The Abrams—Klevmark 
classification 


In 1996, Abrams and Klevmark? were the first to describe 
four different voiding diaries in a laudable effort to stan- 
dardize the terminology. This classification is based on the 
type and amount of information contained in each of them 
(Table 34.1). The charts give objective information on the 
number of voidings, the distribution of voiding between 
daytime and night-time, and each voided volume. The 
charts can also be used to record episodes of urgency and 
leakage and the number of incontinence pads used. The 
frequency—volume chart is not only useful in the assessment 
of voiding disorders but also in treatment follow-up. 


The frequency chart 


In this very simple chart only the number of micturitions 
and the number of incontinence episodes are registered 
per 24 hours. This limited information does not include 
urinary volume or the degree of incontinence. 


The frequency-—severity chart 


In this chart, the number of micturitions and episodes of 
incontinence are noted plus the number of pads used or 
cloths changed. This diary is a better evaluation of the 
severity of incontinence. However, it does not provide 
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Voiding diaries: the Abrams—Klevmark classification 


Frequency chart Frequency-severity chart Frequency—volume chart Urinary diary 
Number of voidings Number of voidings Time of each voiding Time of each voiding 
+ + + + 
Number of incontinence Number of incontinence Volume of each voiding Volume of each voiding 
episodes episodes + =+ 
+ Time of each incontinent Time of each incontinent 
Number of pads used episode episode 
Number of pads used at 


Types of drinks, foods, 
activities related to LUTS 


Reproduced with modifications from Jolivet-Tremblay M, Schick E. The voiding diary. In: Corcos J, Schick E, eds. The Urinary 


Sphincter. New York: 
Marcel Dekker, 2001: 262. 


LUTS, lower urinary tract symptoms. 


Voiding diaries: the ICS classification 


Micturition time chart 


Frequency—volume chart 


Bladder diary 


Time of micturitions 
(minimum 24 hours) 


Time of micturitions 
(minimum 24 hours) 


+ 


Time of micturitions 
+ 


Volume voided at each micturition 


Volume voided at each micturition + 


information on urinary volume or quantity of urine lost. 
This voiding diary can be useful in a follow-up of patients 
after a more complete chart is filled originally. 


The frequency—volume chart 


This voiding diary is still the most widely used by urolo- 
gists. It provides the maximum of information. Although it 
demands some effort on the part of the patient, it is an 
investment in his welfare. The time and the volume of 
urine voided at each micturition plus the number and the 
timing of each incontinent episode are registered on a 
chart. From this, the 24-hour diuresis, the frequency of 
micturition, the functional capacity of the bladder, and 
daytime diuresis, compared with nocturnal diuresis, etc., 
can be calculated. This type of voiding diary, however, does 
not provide information on fluid intake or its distribution 
through a 24-hour period. 


Incontinence episodes 
+ 


Pad usage, fluid intake, degree of 
urgency, degree of incontinence 


The urinary diary 


This is the most elaborate and complicated form of voiding 
diary. Besides its role as a frequency—volume chart, it also pro- 
vides information on the types and number of beverages and 
foods taken every day. The patient also notes any activities 
related to LUTS. This type of chart is very onerous to the 
patient and is often difficult to analyze for the physician. 
Under normal circumstances, knowledge of fluid intake is not 
absolutely necessary since it generally parallels total diuresis. 


The International Continence 
Society classification 


In their report? a subcommittee of the International 
Continence Society in 2002 suggested three types of diaries 
(Table 34.2): 
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1. micturition time chart, which records only the times of 
micturition, day and night, for at least 24 hours 

2. frequency—volume chart, which records the volumes 
voided as well as the times of micturition, day and 
night, for at least 24 hours 

3. bladder diary, which records the times of micturition, 
voided volumes, incontinence episodes, pad usage, and 
other information such as fluid intake, the degree of 
urgency, and the degree of incontinence. 


Rationale for the voiding 

diary 

Routine use of the voiding diary in the investigation and 
follow-up of patients with LUTS will fulfill four objectives: 


1. The voiding diary leads to an objective measurement of 
the patient’s subjective complaints in a familiar envi- 
ronment. Patient perception of voiding habits may be 
misleading. For example, McCormack et al* studied 88 
consecutive patients in whom urinary frequency was 
evaluated by a questionnaire at the first visit. This was 
compared with the frequency obtained by analyzing 
the frequency—volume chart filled out by the patient 
for 7 consecutive days. A very wide discrepancy was 
noted between subjectively estimated frequency and 
chart-determined frequency. 

2. It can help the physician to identify the etiology of the 
patient’s LUTS. The clinical examples are numerous. 
Urologists often encounter patients with a complaint of 
pollakiuria who complete a voiding diary revealing 
frank polyuria. 

3. As previously mentioned, when taking an active role in 
the elaboration of his voiding calendar, the patient 
becomes a participant to the diagnosis and treatment 
of the urologic problem. This may serve as a measure of 
his motivation to get well. 

4. The voiding diary is also an important tool in the 
follow-up of a medical treatment or a specific surgery. 
Siltberg et al’ estimated that the voiding diary provided 
the best tool for follow-up in the treatment of the urge 
syndrome. It is now of common use in many clinical 
research protocols. 


Data extracted from the 
voiding diary 


Important parameters can be obtained about the fre- 
quency of micturition and the number of episodes of 
incontinence by careful examination of the data in the 
voiding diary. It also provides an accurate estimate of total 


diuresis during a 24-hour period. Nowadays, in the major- 
ity of urodynamic laboratories, all the parameters can be 
entered into a computer and, using a simple software pro- 
gram, a more precise and detailed analysis may be done. 
This kind of computer program, like the one developed in 
our laboratory, calculates the following parameters: the 
mean voided volume per micturitions (ml), the frequency 
(units), the diuresis (ml/min), the mean interval between 
micturition (min), and the voided volume during a specific 
period of the day (ml). All these parameters are calculated 
separately for daytime and night-time. On rising, the initial 
micturition is the first daytime voiding registered in the 
software. This first voided volume is considered part of 
nocturnal diuresis and is treated as such by the computer 
program. It is assumed that daytime lasts 16 hours (960 
min) and night-time 8 hours (480 min). Therefore, the 
amount of urine voided during the day is divided by 960 
and during the night by 480, to give the day and night 
diuresis in milliliters per minute. Further analysis produces 
two more parameters: output per 24 hours (ml), which is 
the total voided volume during a 24-hour period, and the 
ratio between night-time and daytime diuresis. In addi- 
tion, the computer prints out the number of days analyzed, 
the number of incontinence episodes occurring during this 
period, and the number of micturitions for which volume 
was not measured by the patient. The computer program is 
designed to automatically correct daytime and night-time 
diuresis as well as the total volume voided (output per day, 
output per night, output per 24 hours) for micturition 
when volume was not measured. The mean voided volume 
is calculated from all recorded volumes. This mean volume 
is then substituted for each missing micturition volume to 
give the corrected output. The diuresis ratio (night/day) is 
derived from this corrected diuresis.® 

To facilitate interpretation of the patient’s data, the com- 
puter will print out the normal value for each parameter, along 
with the standard deviation (SD) and the standard normal 
deviation (Z-value), which is the number of SDs an observa- 
tion lies away from the mean. A Z-value of 2.00 or more 
suggests a significant deviation from the mean” (Table 34.3). 

Furthermore, this software is able to print a graph of the 
mean voided volumes over a 24-hour period as a function 
of time. Figures 34.1 to 34.6 represent mean hourly voided 
volumes. 

We have used this computer program in our urody- 
namic laboratory for almost 25 years, analyzing more than 
2500 frequency—volume charts. 


Normal values 


To obtain valuable information from a voiding diary, it is 
essential to know normal values. However, surprisingly, 
very few data are available concerning normal values. 
Fitzgerald and Brubaker® analyzed the variability of the 


The voiding diary 421 


Basic data provided by software 


Parameter Normal 1SD 
Day: 
Mean voided volume (ml) DB 67 
Frequency 5.63 1.26 
Diuresis (ml/min) 1.11 0.35 
Corrected diuresis (ml/min) itil 0.35 
Interval between micturitions (min) 222 60 
Output (ml) 1005 497 
Corrected output (ml) 1005 497 
Night: 
Mean voided volume (ml) 379 132 
Frequency 0.08 0.16 
Diuresis (ml/min) 0.84 0.27 
Corrected diuresis (ml/min) 0.84 O27 
Interval between micturitions (min) 454 50 
Output (ml) 409 130 
Corrected output (ml) 409 130 
Output in 24 hours (ml) 1473 386 
Corrected output in 24 hours (ml) 1473 386 
Diuresis ratio (night/day) 0.81 0.30 


Reproduced with modifications from Jolivet-Tremblay M, Schick E. The voiding diary. In: Corcos J, Schick E, eds. The Urinary 


Sphincter. New York: Marcel Dekker, 2001: 264. 


24-hour voiding diary among asymptomatic women and 
introduced a new parameter, namely the number of void- 
ings per liter of intake. Their study demonstrated that this 
parameter, together with mean and maximum voided vol- 
ume, total intake, as well as daytime and night-time diure- 
sis rates, remained stable under normal circumstances. 
Urinary frequency and urine volumes may vary signifi- 
cantly. The authors concluded that when urinary fre- 
quency is of interest, the number of voidings per liter of 
intake may represent the most reliable measure. 

Normal values still remain an important issue, however, 
because baseline values are needed to compare them with 
data from patients with various LUTS. 


Children 


Bloom et al? analyzed the voiding habits of 1192 children 
without a history of urinary tract infection. They obtained 
a mean frequency of about 4—5 micturitions per day. Data 
were obtained by questionnaire, but no frequency—volume 
chart was filled out. 


Mattsson!’ studied 206 children, aged 7-15 years, 
considered asymptomatic. All of them completed a 24- 
hour frequency—volume chart. They voided 2-10 times a 
day, but 95% of them had a voiding frequency of 3-8. 
About 10% voided once during the night. Voided volume 
varied greatly, the morning voiding being the largest, and 
the last voiding before bedtime, the smallest. Single voided 
volume varied between 20 and 800 ml, with total volumes 
over 24 hours between 325 and 2100 ml. Wan et al"! esti- 
mated that voiding frequency for normal children was 
approximately 6 times daily. They used a frequency chart 
on which urine volume could be measured, but this was 
not mandatory. They found the diary particularly useful in 
infrequent voiding. Hellström et al,'? studying the micturi- 
tion habits of 3556 7-year-old children, found that the fre- 
quency of micturitions was 3—7 per day among those 
without symptoms of bladder disturbance and without 
previous urinary tract infection. 

Esperanca and Gerrard” determined urinary frequency 
in 297 normal children aged 4-14 years. The average 
frequency for 4-year-olds was 5.3 micturitions, whereas for 
12-year-olds it was 4.8. 
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Data obtained from frequency—volume charts of normal females 


Boedker etal! Larsson and Victor'® Siltbergetal? Saito etal” Kassis and Schick® 
(a= 125) (n= 151) (n= 151) (B= 20)" (m= 33) 

Mean voided volume (day) in ml 179 237 (+67) 
Mean voided volume (night) in ml } 250 (+79) } 240 230 379 (+ 132) 
Mean frequency (day) 6.8 5.63 (+ 1.26) 
Mean frequency (night) sai PS SEAN) 155 0.5 0.08 (+0.16) 
Diuresis in ml/min (day) E5) 
Diuresis in ml/min (night) 0.84 (+0.27) 
Excreta in ml (day) 1149 1.005 (+ 497) 
Excreta in ml (night) 234 409 (+ 130) 
Diuresis per 24 hours in ml 1350 1430 (+487) 1350 1272 1473 (+ 386) 
Night diuresis 
Day diuresis 0.81 (+0.30) 
Functional capacity in ml 460 (+ 174) 450 


4 Also includes normal males. 


Reproduced with permission from Jolivet-Tremblay M, Schick E. The voiding diary. In: Corcos J, Schick E, eds. The Urinary Sphincter. 


New York: Marcel Dekker, 2001: 266. 


Bower et al!* constructed nomograms for mean maxi- 
mum voided volume, mean voided volume, and mean 
minimum voided volume for specific age groups using 
data obtained from 322 incontinent children, aged 6-11 
years, who completed a 2-day frequency—volume chart. 
They noted a wide variation of voided volumes, very much 
as Mattsson and Lindström did in normal children.'° Based 
on all these findings, frequency—volume charts by them- 
selves seem to be an unsuitable screening tool for children. 


Females 


Most of the data on voiding diaries concern women. Several 
authors*®'*'8 have established normal values for healthy 
women. Comparison of these data is given in Table 34.4. 

It was in studies done on women that authors began to 
analyze diurnal and nocturnal data separately. The first 
results were obtained by Saito et al'® and Kassis and 
Schick.® This distinction is important because night-time 
diuresis may exceed daytime diuresis and be responsible 
for nocturia, especially in the elderly. 

On this particular subject, according to Saito et al!” an 
increase in urine volume during the night can be induced 
by three physiologic events related to aging. First, the circa- 
dian rhythm of antidiuretic hormone or atrial natriuretic 
hormone secretion may be abnormal.'? Second, the 
glomerular filtration rate or renal plasma flow may be 
altered because of a reduction in the concentrating ability 
of the distal tubules. Finally, an impaired cardiovascular 


system may not be able to supply sufficient amounts of 
blood to the kidneys during waking hours, creating edema 
in the lower extremities, which becomes mobilized in the 
supine position. 

The calculated ratio of night over day diuresis can draw 
attention to one of these phenomena, which is important 
to recognize, because its logical consequence, nocturia, has 
nothing to do with a vesicourethral pathology (such as out- 
flow obstruction, unstable bladder function, etc.). 

Amundsen et al” recently studied the effects of age and 
24-hour voided volume on measurements of voiding 
frequency and also on functional bladder capacity in a 
cohort of asymptomatic females. They utilized computer- 
processed 3-day voiding diaries from 161 females, aged 
19.6-81.8 years. Their findings demonstrated an increase 
with age in the 24-hour volume and functional bladder 
capacity, suggesting an adaptive mechanism because the 
frequency of micturition did not increase. They also sug- 
gested reference values for age and 24-hour voided volume 
by calculating ‘normal limits. However, there was a large 
overlap between normal and abnormal, which suggests 
that it may be more useful to report voiding diary 
measurements as reference population percentiles rather 
than to designate them normal or abnormal. 


Males 


An extensive revision of the recent literature did not 
reveal any precise data concerning reference values for 
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frequency—volume charts in men. Published data for males 
mostly concern diseases like benign prostatic hypertrophy 
(BPH), nocturnal polyuria, and overactive bladder (OAB) 
in men. Latini et al”! studied urinary habits of American 
men without LUTS by using a 24-hour voiding diary. Two 
hundred and eighty-four asymptomatic males, 18 to 66 
years old, returned interpretable diaries. Subjects voided a 
median of 7 times in 24 hours. Median 24-hour urine vol- 
ume was 1650 ml (range 290 to 6840 ml). Median fluid 
intake was 2747 ml (range 500 to 10520). Of these men, 
29% reported at least one nocturic episode. The authors 
concluded a threshold of 8 micturitions to define abnor- 
mal urinary frequency may not be correct, since more than 
a third of asymptomatic men voided more than 8 times 
daily. It is probably inadvisable to apply a single set of val- 
ues to all American men because of significant variability 
in regional climates and populations. 

The study by Saito et al” already quoted included males 
and females, but did not separate them into two subgroups. 
One reason for this lack of data may be the difficulty in 
defining the clinical characteristics of a normal male with- 
out LUTS. This ‘normality’ probably changes with age. 

Recent data from the literature suggest that in men with 
LUTS suggestive of BPH, the urodynamically proven 
obstruction is the most important factor influencing 
voided volumes, cystometric capacity, and residual urine 
volume. By contrast, voiding frequency is not significantly 
influenced, because patients with small voided volumes 
minimize their fluid intake.” Using a 3-day frequency—vol- 
ume chart, Blanker et al? showed that functional bladder 
capacity, i.e. the largest single voided volume, decreased 
with age. They also demonstrated that nocturnal urine 
production has only a modest influence on nocturnal void- 
ing frequency. Therefore, nocturnal urine production 
seems to have little diagnostic value for increased noctur- 
nal voiding frequency.” It should also be noted that in a 
large population-based study of 1688 men, circadian urine 
production could only be demonstrated in men younger 
than 65.” 


Duration of the chart 


After all these years of abundantly using voiding diaries 
there still is neither consensus nor clear guidelines in the 
literature on the minimum number of days necessary to 
produce a reliable diary. A wide range of 1-14 days exists. 
The gold standard for now is probably 7 days. Abrams’® 
recommended a 7-day chart, Barnick and Cardozo” a 5- 
day chart, Sommer et al’ a 3-day chart, and Larsson and 
Victor! a 48-hour chart. 

Barnick and Cardozo?” compared a 5-day chart with a 
1-day chart in a group of 150 women attending a urody- 
namic clinic. They found a significant correlation between 
the two sets of results, with p <0.0001. 


Wyman et al”? studied a 2-week diary in 55 incontinent 
women, and compared the first week with the second week. 
They concluded that a 1-week diary is sufficient to assess 
the frequency of micturition and incontinence episodes. 
The 7-day diary can consequently be considered as the gold 
standard for voiding diaries. Homma et al’ reached the 
same conclusion. 

Gisolf et al*' studied the reliability of data obtained from 
the 24-hour frequency—volume charts of 160 men with LUTS 
secondary to BPH. Their study suggested that the 24-hour 
chart compared favorably to 3 days or more charts, and con- 
cluded that the 1-day chart provided sufficient insight into 
voiding habits of this group of patients. According to 
Matthiessen et al,” nocturia secondary to nocturnal polyuria 
can be detected by a 3-day frequency- volume chart in men 
with LUTS suggestive of BPH. van Melick et al” analyzed 2- 
or 3-day charts of 98 females with urodynamically proven 
motor urge incontinence and concluded that a single 24- 
hour chart is sufficient to gain insight into these patients’ 
voiding habits. Locher et al*4 focused on the number of 
incontinence episodes in a group of 214 community-dwelling 
women, aged 40-90 years. Based on the number of days nec- 
essary to obtain an internal consistency of 0.90 for Cronbach’s 
alpha, they estimated that a 7-day frequency—volume chart is 
needed to provide a stable and reliable measurement of the 
frequency of incontinence episodes. Nygaard and Holcomb” 
compared two 7-day diaries completed at 4-week intervals by 
138 stress urinary incontinent women. They observed a good 
correlation for the number of incontinence episodes between 
the two diaries (0.831), and the results of the first 3-day 
diaries correlated well with those of the last 4-day diaries. 
They concluded that a 3-day diary is an appropriate measure 
in clinical trials evaluating treatments for stress incontinence, 
but a 7-day diary is preferable when the number of inconti- 
nence episodes is considered. Fitzgerald and Brubaker’ intro- 
duced a new variable in the analysis of voiding diaries: the 
number of micturitions per liter of intake. They estimated 
that this represents the most reliable measure in comparing 
two 24-hour charts. 

Schick et al’ compared the standard 7-day chart to 
various lengths of frequency—volume charts analyzing 14 
parameters. Overall results showed that a 4-day diary is 
almost identical to a 7-day diary. However, when the num- 
ber of incontinence episodes was considered of primary 
importance, a 5-day diary was preferable. This reduction in 
duration made compliance to the voiding diary easier for 
patients. Ku et al,” who compared 2-day, 3-day, and 7-day 
voiding diaries, have confirmed this. Their results suggest 
that keeping a diary for 7 days may increase patient burden. 
They recommend that the 7-day diary should be reduced 
to fewer days. 

Finally, Yap et al made a good review of the literature 
up to 2006. They still were not able to recommend a defi- 
nite number of days for the duration of the voiding diary, 
but 3 days seemed to be the norm. 
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Our voiding diary 


Patients are invited to fill out a 4-day frequency—volume 
chart in which diurnal and nocturnal voiding is clearly 
identified. The patient is specifically asked to register the 
time and volume of each voiding as well as the time of each 
incontinence episode. When, for some reason, the patient 
is unable to measure a voided volume, he notes the time, 
and marks an ‘X’ instead of the volume. Volume can be 
expressed in milliliters (ml) or in fluid ounces (fl oz), but 
should remain uniform throughout the chart. The back of 
the chart offers simple instructions for completion, with 
examples for the patient. 

It is clinically proven that patients easily understand the 
elaboration of the frequency—volume chart. More than 
95% of our patients fill out the chart correctly. At the 
beginning we offered lengthy explanations to every 
patient. But, with time, written instructions proved to be 
clear enough to forego verbal explanations. The chart can 
be sent out by mail, fax, or even e-mailed, so that the 
patient arrives for a visit with complete frequency—volume 
information. 


Reliability of the voiding 
diary 


To be reliable, frequency—volume charts must be filled out 
correctly. In an effort to verify their accuracy, Palnaes 
Hansen and Klarskov” studied 18 subjects who noted their 
fluid intake and voided volumes and collected 24-hour 
urine samples for 3 consecutive days. They concluded that 
self-reported frequency—volume chart data are valid and 
useful for patients with voiding symptoms. 

Barnick and Cardozo” studied 106 consecutive patients 
who received a 5-day frequency—volume chart by mail, to 
be filled out before their physical examination. Only 40% 
of them completed the chart correctly for the full 5 days. 

Robinson et al? compared two 7-day diaries in 278 
incontinent women. The first was completed with minimal 
instructions, the second after receiving extensive instruc- 
tions. They concluded that a 7-day diary remained a reli- 
able tool to assess urinary symptoms, even if patients 
received minimal instructions on filling out the chart. 

Groutz et al‘! assessed the reliability of a micturition 
diary and pad test in patients referred for the evaluation of 
urinary incontinence and LUTS. They prospectively 
enrolled 109 patients in their study. The 24-hour micturi- 
tion diary was a reliable instrument for assessing the num- 
ber of incontinent episodes. Increasing the test duration to 
48 and 72 hours increased reliability but resulted in 
decreased patient compliance. 

According to our own experience, more than 1000 
patients correctly completed the frequency—volume chart 


without extensive verbal instructions. The fact that we 
allow our patients to use milliliters or fluid ounces for vol- 
ume measurements is probably helpful, because older peo- 
ple are less familiar with the metric system. Bailey et al” 
presented results similar to our own, with most patients 
completing the chart correctly before their first visit. 


The frequency—volume chart 
as a diagnostic tool 


The possibility of using the frequency—volume chart as a 
diagnostic tool is very tempting because of its simplicity 
and noninvasiveness. Several authors have explored this 
possibility. Larsson and Victor” compared the frequency- 
volume charts of 81 stress-incontinent patients with those 
of 151 asymptomatic women. Interestingly, all three para- 
meters (total voided volume, frequency, and largest single 
voided volume) differed statistically between the two 
groups; however, because of marked overlapping, the 
frequency—volume chart was judged an unreliable diagnos- 
tic tool for stress incontinence. 

Larsson et al** analyzed the frequency—volume chart in 
bladder overactivity, compared it with a group of women 
without LUTS, and related it to cystometric findings, to 
evaluate the quantitative aspects of urgency incontinence. 
A 2-day period on a 7-day chart was evaluated. None of 
the parameters of the frequency—volume chart (frequency 
of micturition, mean voided volume, largest single voided 
volume, and variability in voided volumes) were useful in 
differentiating between motor urgency and normal void- 
ing habits. Moreover, no correlation was found between 
any of the data from the frequency—volume chart and the 
filling phase of urodynamic studies (first desire to void, 
bladder volume at first unstable contraction, bladder 
capacity, and bladder volume at first leakage). The authors 
concluded that frequency—volume charts did not help in 
differential diagnosis, but that mean voided volume repre- 
sented a good measure of the severity of detrusor instabil- 
ity symptoms. 

In another study, Fink et al compared the 24-hour 
frequency—volume chart in stress-incontinent and urge- 
incontinent women. When applying logistic regression to 
these two groups, the frequency of micturition during 
night-time was the parameter that best discriminated 
between these medical conditions. Mean voided volume 
(over the 24-hour period) showed the highest differentiat- 
ing power with p < 0.0001, but the large overlap between 
groups limited the value of the frequency—volume chart for 
differential diagnosis. 

Siltberg et al proposed a nomogram on which the fre- 
quency of micturition was plotted against the range of 
voided volumes. According to these authors, this plot could 
be used to determine the degree of certainty (with 10% 
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intervals for probability) of having motor urgency inconti- 
nence vs stress incontinence. Tincello and Richmond* also 
tried to assess the reliability of the Larsson chart nomo- 
gram to predict the presence of detrusor overactivity or 
genuine stress incontinence without recourse to cystome- 
try. Frequency—volume chart data were obtained from the 
records of 216 patients who had undergone multichannel 
urodynamics. In their study the Larsson chart did not pro- 
vide diagnostic information and did not eliminate the need 
for formal cystometric evaluation of patients with urinary 
incontinence. 

These observations are not surprising. Attempting to 
characterize such complex physiopathologic entities as 
continence and voiding with a single parameter is oversim- 
plification. Although the voiding diary is found to have 
poor specificity and sensitivity in detecting overactive 
bladder vs stress incontinence, this simple tool remains a 
useful diagnostic aid in the current evaluation of urinary 
incontinence, imparting information regarding functional 
bladder capacity, urinary frequency, nocturia, and daily 
fluid intake. This diagnostic tool remains an important ele- 
ment in our understanding of patient symptomatology 
and is still one of the first tests to choose because of its sim- 
plicity and its usefulness in follow-ups. The gathered infor- 
mation can reveal the presence of specific entities such as 
diabetes insipidus, contracted bladder, and interstitial cys- 
titis, and allow the physician to make simple adjustments 
in fluid intake to minimize incontinence, nocturia, and 
daytime diuresis. In accordance with other authors,” we 
continue to stress the importance of the voiding diary in 
clinical studies. 


Interpretation of frequency- 
volume charts 


In our department, the computer software we described 
above analyzes every frequency—volume chart filled out by 
a patient. The most important parameters in the clinical 
setting are the frequency of micturition (day and night), 
24-hour urinary output, the ratio of night-time diuresis to 


frequency—volume chart over a 3-day period. 


daytime diuresis, and the mean voided volume (day and 
night). The hour-by-hour distribution is also very helpful. 


Normal frequency—volume 
chart 


Table 34.5 represents the results of a 3-day frequency- 
volume chart filled out by a 42-year-old lady who was 
referred because of incontinence. Three voided volumes 
were not recorded, representing 14.29% of the total num- 
ber of micturitions during this 3-day period. The 24-hour 
corrected urinary output was within normal limits 
(1462 ml; Z-value: —0.03), as well as the night/day diuresis 
ratio (0.73; Z-value: —0.28). Daytime frequency (7.00; 
Z-value: 1.09) and night-time frequency (0.00; Z-value: 
—0.50) were almost within normal limits. Figure 34.1 illus- 
trates the graphic representation of voidings and the mean 
voided volumes during a 24-hour period. The greatest sin- 
gle voided volume (480 ml), which represents in this exam- 
ple the daytime functional bladder capacity, was registered 
at 07:00 hours. No micturition occurred between midnight 
and 07:00 hours, and between 13:00 and 16:00 hours. 


Increased 24-hour output 
(polyuria) 


This type of pathology is relatively common and can be 
seen in patients with unbalanced diabetes or simple poto- 
mania of different magnitude. 

This 45-year-old female consulted with symptoms sug- 
gestive of mixed urinary incontinence. She reported void- 
ing about 20 times a day and 4-6 times at night. She 
complained of a sensation of incomplete emptying. 
Endoscopy revealed a bladder capacity of 300 ml and 
postvoid residual urine of 120 ml. The bladder wall was 
trabeculated, grade II. Gynecologic examination showed a 
grade II anterior vaginal wall prolapse, resulting from a lat- 
eral defect. The Q-tip test demonstrated a 25° urethral 
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Normal frequency—volume chart (for details see text) 


Parameter Patient’s data (+1 SD) Normal (+1 SD) Z-value 

Day: 
Mean voided volume (ml) LSTI) 273 (+67) (0.75) 
Voiding frequency 7.00 (0. 00) 5.63 (1.26) 1.09 
Diuresis (ml/min) 0.97 REOS) (0.39) 
Corrected diuresis (ml/min) ily E035) 0.17 
Interval between micturitions (min) 192 (601) 222 (+60) (0.50) 
Output (ml) 935 (92) 1005 (+497) (0.14) 
Corrected output (ml) 1122(92) 1005 (+497) 0.24 
Maximal voided volume (ml) 480 

Night: 340 (18) 379 (+132) (0.30) 
Mean voided volume (ml) 0.00 0.08 (+0.16) (0.50) 
Voiding frequency 0.71 0.84 (+27) (0.49) 
Diuresis (ml/min) 0.71 0.84 (+50) (0.49) 
Corrected diuresis (ml/min) 480 (0) 454 (+130) (0.53) 
Interval between micturitions (ml) 340 (102) 409 (+130) (0.53) 
Output (ml) 0.00 409 (+130) (0.53) 
Corrected output (ml) 
Maximal voided volume (ml) 0.00 

Output in 24 hours (ml) 1275 1473 (+386) (0.51) 

Corrected output in 24 hours (ml) 1462 1473 (+386) (0.03) 

Diuresis ratio (night/day) 0.73 0.81 (0.3) (0.28) 


mobility (normal <30°). No urinary incontinence could be 
observed during cough in the supine position. On multi- 
channel urodynamics, bladder capacity was 750 ml and the 
first desire to void occurred at 262 ml. Bladder wall com- 
pliance was normal. Maximum urethral closure pressure 
was 65 cmH,O and the cough leak-point pressure was neg- 
ative. No uninhibited detrusor contractions could be 
detected during the filling phase, but a strong postvoid 
contraction was registered which, in view of the clinical 
symptoms, was considered as a manifestation of unstable 
bladder. 

The frequency—volume chart (Table 34.6) showed a 
tremendous increase in the corrected 24-hour urinary out- 
put (12591 ml!) with a normal night/day diuresis ratio 
(0.91; Z-value: 0.33). Daytime voiding frequency was 18.71, 
not because of a decrease in mean voided volumes (494 ml; 
Z-value: 3.83), but due to an important daytime diuresis 
(8746 ml; Z-value: 15.58). Night-time diuresis was even 
more pronounced (3845 ml; Z-value: 26.43). In spite of this, 
voiding frequency was increased to a lesser degree (3.00; Z- 
value: 18.25), mainly because the mean nocturnal voided 
volume also increased (961 ml; Z-value: 4.41). The mean 
hourly voided volume (Figure 34.2) reflects the difference 
in mean voided volumes for night-time and daytime. 


Nocturnal polyuria 


A 69-year-old female consulted because of urgency and 
increased frequency. She claimed hourly micturitions dur- 
ing the day and 5-6 voidings each night. She was enuretic 
until the age of 9. Endoscopy revealed grade II bladder 
trabeculation associated with a cystoscopic capacity of 
400 ml. Urodynamic study demonstrated an unstable blad- 
der, with the first uninhibited contraction occurring at 60 
ml. Cystometric capacity was 175 ml and the first desire to 
void occurred at 62 ml. 

Her 7-day frequency—volume chart (Table 34.7) showed a 
slight increase in the 24-hour corrected output (1961 ml; Z- 
value: 1.15), but a significantly increased night/day ratio 
(4.66; Z-value: 12.84). Her daytime frequency was somewhat 
increased (7.43; Z-value: 1.43), but clearly less than the 
claimed frequency reported during the initial interview. 
Note that the decreased mean daytime voided volume 
(99 ml; Z-value: 2.06) is not very different from the bladder 
volume at the first desire to void (62 ml) and the appearance 
of the first uninhibited detrusor contraction (60 ml). The 
chart confirms the significantly increased night-time fre- 
quency (5.14; Z-value: 31.64), accompanied by a decreased 
mean voided volume (208 ml; Z-value: 1.29). 
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Increased 24-hour output (polyuria) (for details see text) 


Parameter Patient’s data (+1 SD) Normal (+1 SD) Z-value 
Day: 
Mean voided volume (ml) 494 (205) 237 (+67) 3.83 
Voiding frequency 18.71 (1075) 5.63 (£1.26) 10.38 
Diuresis (ml/min) 8.82 MRES) 22.02 
Corrected diuresis (ml/min) 9.11 E035) 22.86 
Interval between micturitions (min) 56 (222) 222 (+60) (2.77) 
Output (ml) 8464 (864) 1005 (+497) 15.01 
Corrected output (ml) 8746 (1086) 1005 (+497) 15.58 
Maximal voided volume (ml) 1350 
Night: 
Mean voided volume (ml) 961 (212) WEE) 4.41 
Voiding frequency 3.00 (0.00) 0.08 (+0.16) 18.25 
Diuresis (ml/min) 8.01 0.84 (+0.27) 26.56 
Corrected diuresis (ml/min) 8.01 0.84 (+0.27) 26.56 
Interval between micturitions (ml) 120 (185) 454 (+50) (6.68) 
Output (ml) 3845 (617) 409 (+130) 26.43 
Corrected output (ml) 3845 (617) 409 (+130) 26.43 
Maximal voided volume (ml) 1380 
Output in 24 hours (ml) 12,309 1473 (+386) 28.07 
Corrected output in 24 hours (ml) 12,591 1473 (+386) 28.80 
Diuresis ratio (night/day) 0.91 0.81 (+0.3) 0.33 
Mean volume (ml/h) 
1200, 
1000, 
800, 
600, 
400, Figure 34.2 
2004 Graphic representation of the frequency—volume 
chart of a patient with an increased 24-hour 


On the graphical representation (Figure 34.3) one can 
easily see the predominantly nocturnal diuresis with the 
maximal functional capacity (325.31 ml) occurring during 
the second part of the night (04:00 hours). 


Sensory urgency 


A 73-year-old female patient complained of stress urinary 
incontinence but also experienced incontinence episodes, 
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output (polyuria). 


which were not associated with stress or urgency. Cystometric 
capacity was 800 ml with no postvoid residual urine. Her 
bladder was stable on multichannel urodynamics. Abdominal 
leak-point pressure was estimated between 100 and 150 
cmH,0O, a grade III urethral incompetence, “” explaining the 
clinical symptom of stress urinary incontinence. 

Her 7-day frequency—volume chart (Table 34.8) demon- 
strated a 24-hour corrected urine output (1784 ml; Z-value 
0.81) within normal limits. There was some degree of noctur- 
nal polyuria (693 ml; Z-value: 2.18). Mean urinary frequency 
was 14.14 during daytime and 1.86 during night-time, with 
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Nocturnal polyuria (for details see text) 


Parameter Patient’s data (+1 SD) Normal (+1 SD) Z-value 

Day: 
Mean voided volume (ml) 99 (48) 237 (+67) (2.06) 
Voiding frequency 7.43 (1.18) 5.63 (41.26) 1.43 
Diuresis (ml/min) 0.56 MEOS) (1.57) 
Corrected diuresis (ml/min) 0.66 Netlil (GEO) 3359) (1.28) 
Interval between micturitions (min) 177 (436) 222 (+60) (0.75) 
Output (ml) 537 (190) 1005 (+497) (0.94) 
Corrected output (ml) 635 (145) 1005 (+497) (0.74) 
Maximal voided volume (ml) 295.74 

Night: 
Mean voided volume (ml) 208 (64) 379 (+132) (1.29) 
Voiding frequency 5.14 (0.83) 0.08 (+0.16) 31.64 
Diuresis (ml/min) 2.61 0.84 (+0.27) 6.54 
Corrected diuresis (ml/min) DST 0.84 (+0.27) 6.77 
Interval between micturition (ml) 80 (209) 454 (+50) (7.48) 
Output (ml) 1251 (103) 409 (+130) 6.47 
Corrected output (ml) 1280 (156) 409 (+130) 6.70 
Maximal voided volume (ml) 3253] 

Output in 24 hours (ml) 1787 1473 (+386) 0.81 

Corrected output in 24 hours (ml) 1916 1473 (+386) Lis 

Diuresis ratio (night/day) 4.66 0.81 (+0.3) 12.84 


Mean volume (ml/h) 


Figure 34.3 
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mean voided volumes of 83 and 243 ml, respectively (Figure 
34.4). The functional bladder capacity was 395.74 ml in day- 
time and 709.77 ml during the night. This significant differ- 
ence between mean voided volumes in the absence of an 
unstable bladder suggested sensory urgency. 


Effect of neuromodulation 


A 29-year-old female was investigated because of a signifi- 
cant increase in day and night urinary frequency, associated 


with urgency, but she did not complain of incontinence. 
She claimed daytime voidings every 20 min and about 15 
micturitions per night. Endoscopy was unremarkable, the 
cystoscopic capacity being 250 ml. Multichannel urody- 
namics failed to reveal uninhibited detrusor contractions 
during the filling phase. Cystometric capacity was 220 ml 
and the first desire to void occurred at a 42 ml volume in the 
bladder. The urethra was hypertonic (maximal urethral 
closing pressure: 104 cmH,O). 

The 7-day frequency—volume chart (Table 34.9) showed 
a normal 24-hour corrected urine output (1267 ml; 
Z-value: 0.53) and a normal night/day diuresis ratio (0.50; 
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Sensory urgency (for details see text) 


Parameter Patient’s data (+1 SD) Normal (+1 SD) Z-value 
Day: 
Mean voided volume (ml) 83 (63) 237 (+67) (2.30) 
Voiding frequency 14.14 (1.55) 5.63 (£1.26) 6.76 
Diuresis (ml/min) 0.90 ESS) (0.59) 
Corrected diuresis (ml/min) 1.14 1.11 (+0.35) 0.08 
Interval between micturitions (min) 92 (413) 222 (+60) (2.17) 
Output (ml) 866 (256) 1005 (+497) (0.28) 
Corrected output (ml) 1092 (237) 1005 (+497) 0.17 
Maximal voided volume (ml) 295.74 
Night: 
Mean voided volume (ml) 243 (197) 379 (+132) (1.03) 
Voiding frequency 1.86 (0.35) 0.08 (+0.16) SN 
Diuresis (ml/min) 1.44 0.84 (+0.27) 2.24 
Corrected diuresis (ml/min) 1.44 0.84 (+0.27) 2.24 
Interval between micturitions (ml) 168 (203) 454 (+50) (5.72) 
Output (ml) 693 (243) 409 (+130) ZAS 
Corrected output (ml) 693 (243) 409 (+130) 2.18 
Maximal voided volume (ml) 709.77 
Output in 24 hours (ml) 1559 1473 (+386) 022 
Corrected output in 24 hours (ml) 1784 1473 (+386) 0.81 
Diuresis ratio (night/day) 1.60 0.81 (+0.3) 2.63 
Mean volume (ml/h) 
800- 
700 4 
600 4 
500 4 Figure 34.4 
400 } Graphic representation of the frequency—volume 
atl chart of a patient with sensory urgency. For 


100- 


differentiating between urge incontinence and SUI, 
the frequency of night-time micturition has been 


Z-value: 1.04). There was a very important decrease in the 
mean daytime (40 ml; Z-value: 2.94) and night-time (50 
ml; Z-value: 2.49) voided volumes. The voiding frequency 
was 25.57 during the day, and 4.71 during the night. The 
functional bladder capacity was 110.00 ml and 80.00 ml, 
respectively. Graphic representation exhibits almost con- 
stant mean voided volumes throughout the 24-hour period 
(Figure 34.5). 

Dramatic changes were observed in the different para- 
meters of the frequency—volume chart during percuta- 
neous nerve stimulation (Table 34.10). Despite an increase 


0 1 2'3 4 56 7 8 9 10111213 1415 16171819 20 21 2223 


shown to be the most discriminating element.*® 


in the corrected 24-hour urinary output (1623 ml; 
Z-value: 0.39), the night/day ratio did not change (0.43; 
Z-value: 0.39). The mean daytime voided volume 
increased significantly (184 ml; Z-value: 0.79), as did the 
mean night-time voided volume (219 ml; Z-value: 1.21). 
Nocturia almost completely disappeared (0.29; Z-value: 
1.29), as can also be seen in Figure 34.6. (Note the 
difference in the y-axis scale between Figures 34.5 and 
34.6.) Daytime frequency was reduced by 60% (8.29; 
Z-value: 2.11). Functional bladder capacity also increased 
significantly. 
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Pre-neuromodulation (for details see text) 


Parameter Patient’s data (+1 SD) Normal (+1 SD) Z-value 
Day: 
Mean voided volume (ml) 40 BE C) (2.94) 
Voiding frequency 25.57 5.63 (£1.26) 15.83 
Diuresis (ml/min) 0.98 TRENS) (0.37) 
Corrected diuresis (ml/min) 1.02 T E035) (0.25) 
Interval between micturitions (min) 41 222 (+60) (3.02) 
Output (ml) 943 1005 (+497) (0.13) 
Corrected output (ml) 983 1005 (+497) (0.04) 
Maximal voided volume (ml) 110 
Night: 
Mean voided volume (ml) 50 379 (+132) (2.49) 
Voiding frequency 4.71 0.08 (+0.16) 28.96 
Diuresis (ml/min) 0.49 0.84 (+0.27) (1.30) 
Corrected diuresis (ml/min) 0.59 0.84 (+0.27) (0.92) 
Interval between micturitions (ml) 102 454 (+50) (7.04) 
Output (ml) 234 409 (+130) (1.34) 
Corrected output (ml) 284 409 (+130) (0.96) 
Maximal voided volume (ml) 80.00 
Output in 24 hours (ml) 77 1473 (+386) (0.77) 
Corrected output in 24 hours (ml) 1267 1473 (+386) (0.53) 
Diuresis ratio (night/day) 0.50 0.81 (+0.3) (1.04) 
60- Mean volume (ml/h) 
504 
40] 
30} 
20; Figure 34.5 
104 d Graphic representation of the frequency—volume 
0 chart of a patient before testing for 


Conclusion 


This overview of the literature on voiding diaries as well as 
our own experience leads us to the following conclusions. 
Frequency—volume charts are an invaluable and indispens- 
able tool in the investigation of LUTS patients and in 
understanding their symptoms. Interpretation of the 
results is greatly simplified by simple computer software. 
The commercial unavailability of such software may 
explain why these charts are not more popular. Presently, in 
many research protocols, small user-friendly computers are 
used to ease the completion of frequency—volume charts. 
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neuromodulation. 


Normal values for women are well known. However, 
more research should be done to study voiding diaries in 
children. Reference values for men are desperately 
needed. 

Although the 7-day diary is currently considered the 
gold standard, comparative studies have begun to deter- 
mine whether the minimum number of days for a 
frequency—volume chart completion could be less than 7 
and still maintain reliability. 

The voiding diary is a precious diagnostic tool, but it 
cannot guarantee a precise diagnosis. Because of the com- 
plex nature of LUT dysfunction, it has become evident that 
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Per-neuromodulation (for details see text) 


Parameter Patient's data (+1 SD) Normal (+1 SD) Z-value 
Day: 
Mean voided volume (ml) 184 (73) 237 (+67) (0.79) 
Voiding frequency 8.29 (1.67) 5.63 (+1.26) 2.11 
Diuresis (ml/min) 12 TES) 0.27 
Corrected diuresis (ml/min) 1.40 N E035) 0.82 
Interval between micturitions (min) 153 (506) 222 (+60) (1.15) 
Output (ml) 1158 (371) 1005 (+497) 0.31 
Corrected output (ml) 1342 (371) 1005 (+497) 0.68 
Maximal voided volume (ml) 400.00 
Night: 
Mean voided volume (ml) 219 (15) CVA Gal YA) (iL 21) 
Voiding frequency 0.29 (1.70) 0.08 (+0.16) 1.29 
Diuresis (ml/min) 0.52 0.84 (+0.27) (1.18) 
Corrected diuresis (ml/min) 0.59 0.84 (+0.27) (0.94) 
Interval between micturitions (ml) 420 (660) 454 (+50) (0.68) 
Output (ml) 250 (134) 409 (+130) (1.22) 
Corrected output (ml) 281 (199) 409 (+130) (0.98) 
Maximal voided volume (ml) 200.00 
Output in 24 hours (ml) 1408 1473 (+386) (0.17) 
Corrected output in 24 hours (ml) 1623 1473 (4386) 0.39 
Diuresis ratio (night/day) 0.43 0.81 (+0.3) (1.26) 


Mean volume (ml/h) 
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Figure 34.6 
Graphic representation of the frequency—volume 
| chart of the same patient as in Figure 34.5, but 
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frequency—volume charts by themselves will never replace Refe rences 


urodynamic studies. 

In addition to their value as a diagnostic tool, fre- 
quency—volume charts play an important role in evaluating 
the success of a surgical intervention (i.e. neuromodula- 
tion) or during follow-up of medical therapy. 

In summary, the frequency—volume chart, although fre- 3. 
quently overlooked, is a simple, objective, and noninvasive 
test for evaluating the function of the lower urinary tract. 
Although not perfect, it has proven its utility in the clinic 4 
and in research. It is presently part of most countries 
guidelines for incontinence studies.“ 
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The pad-weighing test 


Martine Jolivet-Tremblay and Erik Schick 


Introduction 


Incontinence is not easy to quantify from patient interview 
or clinical examination.' Urinary incontinence, as defined 
by the International Continence Society (ICS) in 1988, is 
involuntary urine loss that is a social or hygienic problem.’ 
This definition has been more recently modified? to state 
simply that ‘urinary incontinence is the complaint of any 
involuntary leakage of urine. This modification became 
necessary because the previous definition related to a com- 
plaint on quality of life issues. Quality of life instruments 
have been and are being developed in order to assess the 
impact of both incontinence and other lower urinary tract 
symptoms on patients.* The importance of this condition, 
as perceived by the patient, differs widely from one indi- 
vidual to another. Some patients cannot accept the loss of 
a few drops of urine happening only during some specific, 
often limited, circumstance, whereas others wear diapers 
for years before seeking medical advice. 

The role of the pad-weighing test is to quantify urine 
loss. However, it does not evaluate the impact a given 
degree of incontinence has on the patient’s quality of life. 
The Urodynamic Society recommended the use of the pad- 
weighing test in the pretreatment evaluation of incontinent 
patients as well as their post-treatment evaluation at each 
follow-up visit.° However, the Urodynamic Society did not 
specify the type of pad test to be used. On the other hand, 
the Agency for Health Care Policy and Research of the US 
Department of Health and Human Services did not men- 
tion the pad test for the identification and evaluation of 
urinary incontinence.® It is a tool that can be used for 
specific issues during the diagnostic process. 

The aim of a diagnostic tool is its utility in clinic to make 
therapeutic decisions. Paick et al’ tried to determine 
whether the severity of incontinence, measured objectively 
by the pad test, correlated with urethral parameters and, 
also, if it influenced the patient’s clinical outcome. Two 
hundred and seventy-four female patients who had under- 
gone a tension-free vaginal tape procedure between March 
1999 and May 2003 were retrospectively reviewed. The 
1-hour pad test was carried out as recommended by the 


International Continence Society, with some modification. 
On linear regression analysis, the Valsalva leak-point pres- 
sure (VLPP) was the only explanatory variable influencing 
the objective incontinence severity. The group of patients 
who failed had a more severe preoperative objective sever- 
ity than the cured group. The findings suggest that the 
amount of urine leakage as measured during the pad test 
may be associated with the clinical outcome, after anti- 
incontinence surgery. 

Abdel-Fattah et alë questioned the utility of this test in 
clinical practice. In a prospective cohort study they 
enrolled 90 female patients awaiting surgery for urody- 
namic stress urinary incontinence. The patients classified 
themselves on a 4-point scale (0: totally continent to urine, 
1: mild/occasional urinary incontinence (UI), 2: moderate 
UI, 3: severe UI). They completed the King’s Health 
Questionnaire (KHQ) and carried out the standard 
International Continence Society 1-hour pad test. A pad 
gain >1 g was considered a positive result. The women’s 
self-assessment of UI (continent vs incontinent) had a 
good correlation with the pad test result (negative vs posi- 
tive), and correlated well with the KHQ scores. This study 
suggests that simply asking a woman if she is continent for 
urine or not is as good as doing the pad test, and correlated 
better with the patient’s quality of life. 

Karantanis et al? also examined this assumption. They 
compared the International Consultation on Incontinence 
Questionnaire-Short Form (ICIQ-SF) and the 24-hour 
pad test with other measures that assess the severity of 
urine loss in women with urodynamic stress urinary 
incontinence. They found a strong correlation between the 
ICIQ-SF and the 24-hour pad test, and both also correlated 
with the mean frequency of urinary loss on a 3-day 
frequency—volume chart. 

The result of a pad test can influence the treatment 
decision. In a study by Thomson and Tincello,'? members 
of the International Continence Society in the United 
Kingdom were randomized to receive a scenario compris- 
ing clinical and urodynamic data of a woman with urody- 
namic stress incontinence, including a 1-hour pad loss of 
either 42 g (large loss) or 7 g (small loss). Members were 
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Discrimination between continence and incontinence 


Suggested value 
Length of test Authors for continence Comments 
No time Hahn and Fall" 0g - 
40 min Martin et al <2¢ (With 75% of cystometric 
capacity) 
1 hour Kroman-Andersen et al? <lg - 
Sutherst et al! lg - 
Versi and Cardozo® <0.94 g - 
Ali et al” <0.5g - 
2 hours Walsh and Mills°° 1.2 g (< 1.35 g)/2 hours 
2 4 hours Mouritzen et al® <5 g/24 hours 
Lose et al” 4 g/24 hours (max: 8 g) 
Versi et al” 7.13 g (<4.32 g)/24 hours (95% upper confidence 
level < 15) 


Griffiths et al!* 


< 10 g/24 hours 


Reproduced with permission from Schick E, Jolivet-Tremblay M. Detection and quantification of urine loss: the pad-weighing test. In: Corcos J, Schick 


E, eds. The Urinary Sphincter. New York: Marcel Dekker, 2001: 276. 


asked to indicate their initial management choice from a 
list of four options. Among the 72% who responded, sig- 
nificantly more opted for a surgical treatment in patients 
with a large pad loss, despite the poor reproducibility and 
reliability of the 1-hour pad test. 

These observations suggest the need for further studies 
to determine the place of the pad-weighing test in the eval- 
uation of the incontinent patient. For the time being, there 
is no better test described in the literature to quantify urine 
loss than this test. It should be mentioned, however, that 
the same amount of urine loss can affect the quality of life 
of two different people to different degrees. 


Discrimination between 
continence and incontinence 


Because perineal pads absorb perspiration, vaginal dis- 
charge, etc., results should be interpreted with caution. It is 
important to determine an upper limit of weight gain by a 
pad in continent subjects before interpreting pad test results. 

Many authors have investigated this issue (Table 35.1). 
Usually, the extra-urinary weight increase will be directly 
proportional to the length of the test. In the protocol 
described by Hahn and Fall,'! the length of the exercise 
program is very brief. Each and every gram of increase in 
the pad weight is considered a urine loss. Continent 
patients show no pad weight increase at the end of the test. 
Conversely, Griffiths et al, '? investigating elderly patients 


for 10 days, considered a diagnosis of urinary incontinence 
only if pad weight exceeded 10 g per 24 hours. 

The majority of authors estimate that during a 1-hour 
test the upper limit of pad weight gain in continent sub- 
jects is close to 1 g, whereas during a 24-hour test it is 
between 4 and 10 g, with an upper limit of 15 g in 24 hours. 
According to these authors, a weight gain of more than 1 g 
in a single pad or 8 g in 24 hours may be considered signif- 
icant. It should be remembered, nonetheless, that weight 
gains less than the above-mentioned limits do not exclude 
incontinence, and supplementary investigations may be 
necessary to confirm the diagnosis.” 

Nygaard and Zmolek'* carefully assessed the repro- 
ducibility of three comparable exercise protocols, their 
relationship with voided volume, and Pyridium® 
(phenazopyridine) staining in 14 continent volunteers. The 
average pad weight gain during these three sessions was 
3.19 g (+ 3.16 g), with a range of 0.1-12.4 g. Because of the 
huge difference between subjects, they were unable to find 
a distinct cut-off value differentiating continence from 
incontinence. Similar experiences have been reported by 
others.!° Adding Pyridium® did not improve the specificity 
of the test. 

Karantanis et al'® studied 140 continent women to 
obtain control values for the 24-hour pad test. They found 
that women lose only 0.3 g of vaginal secretions in 24 
hours. This is much lower than previously reported. This 
might arise from the use of a highly accurate beam balance 
and the recruitment of a large sample of women with 
widely varying ages. 
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Types of pad tests 


Pad tests can primarily be divided into two groups: quali- 
tative tests and quantitative tests. 


Qualitative tests 


The qualitative test uses a substance to color urine orange: 
e.g. phenazopyridine (Pyridium), 200 mg three times a day. 
The patient is invited to wear hygienic pads and replace 
them periodically during normal daily activities. The 
degree of coloration on the pads is an assessment of incon- 
tinence.’” This test is especially beneficial to document an 
insignificant urine loss which, however, may be quite 
bothersome for the patient, or when vaginal secretions 
cannot be differentiated easily from urinary incontinence. 

A different approach was suggested by Mayne and Hilton,’ 
who compared the distal urethral electrical conductance 
test (DUEC) with weighed perineal pads and discovered that 
the DUEC was extremely sensitive at detecting leakage (sensi- 
tivity 97%). Janez et al” reported similar observations. 


Quantitative tests 


One of the initial efforts to quantify urine loss, interest- 
ingly, involved an electric device, the so-called Urilos 
system, designed by James et al.” It incorporates a pad con- 
taining dry electrodes. The urinary electrolytes alter the 
capacitance of the aluminum strip electrodes in the pad 
proportionally to the quantity of urine. Stanton and 
coworkers”!’ investigated this device in greater detail. 
They noticed problems with reproducibility in different 
groups. In a group of 26 women exhibiting symptoms of 
urinary incontinence with a negative stress test 9 proved 
leakage. In a further group of 30 patients with symptoms 
of stress incontinence, one-third had a negative clinical 
stress test, but presented leakage with the Urilos system. 
Eadie et al’? concluded that the system was beneficial to 
confirm patient histories, in spite of the fact that it was 
laborious to achieve a quantitative measure of urine loss, 
particularly for volumes greater than 50 ml when the error 
range reached 35%. Presumably because of a lack of relia- 
bility, this device never gained wide acceptance. 

A simpler and more efficient approach to the quantifica- 
tion of urine loss is to weigh perineal pads after different 
lengths of time during which patients are requested to exe- 
cute standardized activities. This approach has resulted in 
a relatively large number of publications in which authors 
have experimented with various test durations, with or 
without different exercise protocols, in an attempt to define 
the optimal combination of reproducibility, reliability, and 
practicality. 


Patient populations 
Children 


Rare reports can be found in the literature on the use of 
pad tests in the pediatric population. 

Hellström et al” compared a 2-hour pad test on the 
ward (with standardized activities and provoked diuresis) 
with a 12-hour pad test completed in the home environ- 
ment. Both tests were similar in the detection of urine loss 
(68 and 70%, respectively), but the detection rate increased 
in about 10% of the 105 patients when fluid provocation 
was included in the home pad test. 

Imada et al% studied 23 incontinent children with a 1- 
hour pad test, as recommended by the ICS,” and compared 
the results with an interval test during which the pad was 
utilized between three successive voidings and then 
weighed. They concluded that the interval test validates the 
clinical symptoms more appropriately than the 1-hour test. 
They advocated the former for the objective evaluation of 
urinary incontinence in children. 

Bael et al’’analyzed the relationship between self- 
reported and objective data on incontinence, voided 
volume, and voiding frequency, as part of the European 
Bladder Dysfunction Study. They concluded that the 12- 
hour pad test is not sensitive enough to complement self- 
reported symptoms of urinary incontinence in children 
with urge syndrome or dysfunctional voiding. 


Adults 


Many reports on the pad-weighing test for adults have 
been published in the literature: they vary mainly in the 
length of time the pad was employed. The short tests 
last 1 or 2 hours,***’ and are generally associated with 
a standardized exercise or activity program, but there 
can also be no time limit imposed with only an exercise 
protocol to follow.!'**?? The longer tests go from 12 
hours up to 10 days.'?4°“* Various authors compared 
tests of different lengths**-*’ or tests done in different 
environments.*° 


Exercise protocol without a fixed 
time schedule 


The provocative pad test designed by Hahn and Fall!’ 
involves a sequence of exercises with the bladder filled to 
half of its cystometric capacity. The test-retest correlation 
is good (r=0.940). The test takes about 20 minutes to com- 
plete. In control groups of clinically continent females, 
urine loss at the end of the exercise schedule was 0 g. 
The authors advocated the use of this test in incontinent 
females. However, because urge symptoms emerge at 
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Short-term pad test 


Authors Sensitivity (%) False-negative rate (%) PPV (%) NPV(%) Comments 

Anand et al® 70 30 92 53 Patients with LUTS 
81 19 91 72 Patients with SUI 

Janez et al% = 39.4 = = No fixed bladder 

Cardozo and Versi® 68 32 91 48 No fixed bladder 

Schüssler et al°? = 56.8 = = Fixed bladder 

Jorgensen et al*4 68 32 - - - 

Lose et al°® 58 42 = = Fixed bladder 


PPV, positive predictive value; NPV, negative predictive value; LUTS, lower urinary tract symptoms; SUI, stress urinary incontinence. 
Reproduced with permission from Schick E, Jolivet-Tremblay M. Detection and quantification of urine loss: the pad-weighing test. 
In: Corcos J, Schick E, eds. The Urinary Sphincter. New York: Marcel Dekker, 2001:279. 


irregular intervals and sometimes in particular situations 
in patients with bladder overactivity, a test of longer dura- 
tion, for example 24 hours, seems to be more reliable. 

Mayne and Hilton,” after filling the bladder with 250 ml 
of normal saline solution, compared a short pad test pro- 
gram with a 1-hour test in the same population. They could 
not find a notable difference between the two protocols. 

Persson et al*® proposed a rapid perineal pad test with a 
standardized bladder volume (300 ml) and a standardized 
physical activity of only 1 minute. They found the test 
reproducibility and feasibility acceptable, making it suit- 
able for follow-up studies. 

Miller et al’? suggested the paper towel test to quantify 
urine loss associated with stress. After three deep coughs, 
the authors estimated the amount of urine loss by the wet 
area on a tri-folded paper towel placed on the perineal 
region. They found the test to be simple, with good test- 
retest reliability. They recommended its use for losses less 
than 10 ml because the paper towel becomes saturated with 
volumes exceeding 15 ml. 

Neumann et al” investigated the repeatability of a short 
stress test, the so-called ‘expanded paper towel test’ (PTT). 
They measured the size of the wet area in 31 women who 
performed a provocative test on consecutive days. With the 
exclusion of one anomalous result, the repeatability proved 
to lie within 1 ml. They found that the ‘expanded PTT’ was 
a simple tool for quantification of urine loss (0.005-8 ml) 
in women with stress incontinence. The reliability of the 
test is dependent upon the use of a standard protocol and 
paper towel with a known volume-area ratio. 


The 1-hour test 


The 1-hour test is the one most extensively studied, since it 
was recommended by the Standardization Committee of 


the ICS.’ Several authors have examined the reproducibil- 
ity and reliability of this test. Klarskov and Hald’! found 
the test to be reproducible and reliable when compared 
with subjective daytime incontinence. Jorgensen et al** 
advocated its reproducibility, particularly when bladder 
volume at the beginning of the test and diuresis during the 
test were taken into consideration (r = 0.93; p <0.0001). 
When the test was achieved with a standardized bladder 
volume, the test-retest results were even superior (r= 0.97; 
p < 0.001), although personal variations of up to +24 g 
were noted.*° 

Mayne and Hilton”? accomplished the test with 250 ml 
of fluid in the bladder. Lose et al”? filled the bladder up to 
50% of its cystometric capacity, whereas Kinn and 
Larsson“? favored 75%. 

The sensitivity of the test (i.e. the proportion of patients 
with incontinence who have a positive result) varies 
between 58 and 81%. Its positive predictive values (i.e. the 
probability of a patient with a positive test being inconti- 
nent), which are more relevant to clinical practice, are over 
90%. The false negative rate (i.e. incontinent patients with 
a negative pad test), nonetheless, is quite high (19-56.8%) 
(Table 35.2). 

Simons et al}? compared two 1-hour tests performed 
with natural diuresis, 1 week apart. They concluded that, 
with similar bladder volumes, the test-retest reliability was 
clinically inadequate, as the first and second pad test could 
differ by —44 to +66 g. 

It appears that the 1-hour test proposed by the ICS is not 
optimal, and its reliability is weak.” This can be improved 
when bladder volume at the beginning and during the test 
is known and standardized. 

Wu et al” tested a shorter pad test. They compared the 
sensitivity of the 20-minute pad test with a classic 1-hour 
pad test in women with stress urinary incontinence. One 
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hundred women who underwent a urodynamic study 
were enrolled and each patient also underwent a 1-hour 
pad test before the urodynamic study. The infusion of 
250 ml water into the bladder in the 20-minute pad test 
was performed after the urodynamic study. The results 
showed that the 20-minute pad test had a better sensitiv- 
ity than the 1-hour one (46% versus 34%, p <0.001) in 
women with stress urinary incontinence. When the blad- 
der was infused with sufficient quantity of water to elicit 
a strong desire to void, the latter had a better sensitivity 
measured by the 20-minute pad test in stress incontinent 
women (p =0.0004).°! 


The 2-hour test 


Some authors proposed extending the test to 2 hours 
because they felt that its exactitude might be improved. 
The patient is asked to drink a given amount of water as 
quickly as feasible at the beginning of the first hour to 
induce a constant level of diuresis. The pad test itself starts 
at the second hour and involves a fixed exercise protocol. 
Richmond et al” studied two groups of incontinent 
patients who were submitted to the same protocol, except 
that the exercise sequence varied. They found that the 
sequence in which exercises were accomplished did not 
affect the overall identification of incontinent patients. 
They estimated that the ideal length of the test was 2 
hours. Haylen et al”? reached the same conclusions. Eadie 
et al,” comparing the 2-hour pad test with the Urilos sys- 
tem, demonstrated that the 2-hour test did not produce 
reproducible results, and confirmed that it was difficult to 
obtain quantitative measures of urine loss with the Urilos 
system. 


The 12-hour test 


When medium- or long-term pad tests are examined, it is 
important to ensure that no significant evaporation takes 
place between the end of the test and the time the pads are 
weighed. In an evaporation test, the mean weight loss of 
the pads, placed in a hermetically closed plastic container, 
is 0.2 g (0.1-0.3 g) after 24 hours, irrespective of the water 
volume in the pad. Mean weight loss after 48 hours and 6 
days is 0.4 g (0.2-0.7 g) and 0.8 g (0.5—1.2 g), respectively.*4 
Versi et al” noted no difference in weight after 1 week, and 
less than a 5% change in weight after 8 weeks (with the 
upper 95% confidence limit of less than a 10% loss). 

The 12-hour test has not been investigated on its own, 
but has been compared with the 1-hour test by Ali et al,” 
who estimated that the 1-hour pad test on the ward was 
characteristic of the importance of urinary loss that patients 
encountered in their home environment. Thus, a 12-hour 
prolongation was not considered to add clinically relevant 
information to that obtained during the 1-hour test. 


The 24-hour test 


This test was examined in detail by Rasmussen et al*4 
and found to be reproducible when there are only 
modest changes in physical activity and diuresis. With 
extreme reduction of fluid intake or excessive activity, 
differences in urine loss may be noted. Lose et al” com- 
pared this test with the 1-hour test. Among 31 stress or 
mixed incontinent women, 58% were categorized as 
incontinent with the 1-hour test and 90% with the 24- 
hour home test. The authors stated that the 24-hour test 
is effective as a discriminating tool for incontinence, 
but that its reproducibility is too low to be useful in 
scientific studies. 

Matharu et al compared the 1-hour and 24-hour pad 
tests in terms of the relationship with reported symptoms 
and urodynamic diagnosis. There was a significant differ- 
ence between the proportion of women dry on a 1-hour 
pad test and those dry on a 24-hour pad test (26.0% versus 
38.4%, difference 12.4%; CI 5.5; 19.4). The authors con- 
cluded that both pad tests bore little relationship to the 
underlying urodynamic diagnosis but there was a positive 
relationship with symptom severity, and they suggested 
that the 24-hour pad test appears to be clinically a more 
useful tool than the 1-hour test. 

Versi et al” examined the 24- and 48-hour tests. Test- 
retest analysis demonstrated a strong correlation, with 
coefficients of 0.90 and 0.94, respectively. The repro- 
ducibility of the two time schedules was good, suggesting 
no additional benefit of a prolonged 48-hour test com- 
pared with a 24-hour schedule. 

Assessing the test-retest reliability of 24-, 48-, and 72- 
hour pad tests, Groutz et al” found that the 24-hour pad 
test was a reliable instrument for defining the degree of 
urinary loss. Longer test duration increased reliability, but 
was associated with decreased patient compliance. 

Mouritzen et al,® who compared the 1-, 24-, and 48- 
hour tests, drew similar conclusions. They found that the 
1-hour test underestimated the degree of incontinence and 
related less with clinical parameters than did the 24-hour 
test. On the other hand, the 24-hour test was as informa- 
tive as the 48-hour test, making the latter obsolete. 

Considering these studies, the 24-hour pad test is con- 
sidered by many as the gold standard for the quantification 
of urine loss. 


The 48-hour test 


The reproducibility of the 48-hour test appeared to be 
satisfactory (r= 0.90) and equivalent with the 1-hour test. 
Nevertheless, there was no relationship between these two 
tests (r= 0.10) according to Victor and Asbrink.*! Ekelund 
et al” showed this test can be successfully carried out in the 
patient’s home, even with elderly women. 
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The elderly 


Elderly patients represent a particular challenge to clini- 
cians trying to quantify urine loss. There is a high inci- 
dence of urge incontinence among these patients. Also, 
some of them have notable mental impairment, making 
the completion of the test difficult. Finally, a number of 
these patients are unable to perform any formally designed 
exercise program. 

Griffiths et al!**°"! studied the pad test thoroughly in 
the geriatric community. They established that physical 
examination often failed to show leakage in incontinent 
patients. The patient’s voiding diary and the 1-hour pad- 
weighing test were often discordant and impractical. 
In their hands, the 24-hour pad test proved to be the best 
method to demonstrate and quantify incontinence. 
Combining this non-invasive test with invasive urody- 
namics, these authors identified the type of urinary incon- 
tinence in 100 elderly patients. They found that the 
24-hour test had sufficient reproducibility and good sen- 
sitivity (88%) for detecting urine loss, which was mainly 
nocturnal urge incontinence. Its quantity depended, 
however, on the preceding evening’s fluid intake and on 
nocturia. They concluded that nocturnal toileting and 
evening liquid limitation could diminish nocturnal incon- 
tinence by a tiny, but profitable, proportion of older 
patients with extreme urge incontinence. 

O’Donnell et al** described a procedure which helps 
nursing personnel to recognize, grade, and register 
incontinence severity while supervising several patients. 
This procedure, however, has not been verified for its 
reproducibility. 


Conclusion 


From a clinician’s perspective, the pad-weighing test is 
beneficial when the quantity of urine loss is a significant 
element of management decisions. It is useful in distin- 
guishing urinary incontinence from excessive perspira- 
tion or vaginal secretions. In this respect, a 1-hour test, or 
even a briefer one (20 minutes) may be satisfactory. 
Under these circumstances, the test must be accom- 
plished with a known bladder volume in order to provide 
reliable and objective information about the patient’s 
condition. 

For scientific and research purposes, the 24-hour pad 
test should be adopted, since it has good reproducibility, is 
simple to perform, and is done in the patient’s own envi- 
ronment. It is better suited to detect and quantify urine 
loss secondary to urge incontinence than the 1-hour test. 
The 24-hour test should be used, along with other parame- 
ters, to assess success rates following various treatment 
modalities. 
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Endoscopic evaluation of neurogenic bladder 


Saad Aldousari, Jacques Corcos, and Erik Schick 


Introduction 


Urethrocystoscopy is not useful in the initial evaluation of 
neurogenic bladder, but becomes very instrumental in 
the assessment of lower urinary tract complications. 
Urethrocystoscopy cannot, by any means, give information 
on lower urinary tract function. For example, external 
sphincter contractions and relaxation observed during vol- 
untary movement do not reflect the real functional value of 
this complex unit. Another classic example is the examina- 
tion of endoscopic aspects of the bladder neck, which 
cannot replace functional studies for the evaluation of 
its opening and closing. 

Urethrocystoscopy helps in the appraisal of urethral and 
bladder anatomic anomalies, most of the time secondary to 
complications such as urethral strictures, trabeculations, 
bladder stones, and diverticula. The aim of this chapter is 
to review these different aspects with some illustrations. 


Equipment 


Different companies offer different types and sizes of 
extremely well-designed, rigid urethrocystoscopes (Figure 
36.1), some with fixed lens (12—70°), others with 
exchangeable lens (0°, 30°, 70°, 120°). The choice of lens 
depends on the segment of urinary tract that we want to 
study: 0 or 30° for the urethra and 70 or 120° for the 
bladder in general. 

Since sensitivity is often not a problem in neurogenic 
bladder patients, rigid urethrocystoscopes are often pre- 
ferred. They give a much better optical field than flexible 
cystoscopes (Figure 36.2) and allow various manipulations 
through a bigger working channel (irrigation, washing, 
small stone extraction, etc.). Flexible cystoscopes are 
extremely useful in men with preserved sensitivity, and the 
test is usually painless. In our experience we do not use any 
local anesthetic, but only lubricating jelly. Others prefer 
to inject 2% Xylocaine (lidocaine) jelly transurethrally 
2-4 minutes before the procedure. One of the biggest 


Figure 36.1 
Rigid cystoscope. 


Figure 36.2 


Flexible cystoscope. 


advantages of these cystoscopes is the possibility of intro- 
ducing them in a supine as well as in a sitting position. 
Because of their deflection abilities, they allow a retrograde 
view of the bladder neck as well as the complete explo- 
ration of diverticulae, whatever the position. 
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Technique 


Most of the time, the patient is installed in the lithotomy 
position, but, as mentioned earlier, a supine or a sitting 
position can be used with a flexible cystocope. 

After the usual disinfection of the genitalia with a non- 
alcoholic solution, draping creates a sterile field around the 
genitalia. 

Once the patient is informed of the beginning of the 
examination, the cystoscope, lubricated with sterile jelly, is 
very gently introduced into the meatus. A global view of 
the urethra permits the confirmation of penile urethra 
integrity in men. The cystoscope is then pushed forward 
into the membranous urethra, making the external sphinc- 
ter visible. This concentric muscle closes the urethra, and 
can usually be passed by gentle pressure on the cystoscope. 
The prostatic urethra is then observed, and the anatomy of 
the prostate is then noted, mainly the size of the lateral 
lobes and the presence or absence of a median lobe. 

Once into the bladder, the technique is slightly different, 
depending on the type of cystoscope. With a rigid cystoscope, 
we normally use a 70 or 120° lens. The instrument will have 
only in-out and rotating motions, allowing a complete view 
of the bladder without bending the unit, which may cause 
unnecessary pain and discomfort. With a flexible cystoscope, 
the same in-out motion is applied, but the rotation motion 
is replaced by deflections of the instrument’s tip, which gives 
a complete view of the bladder wall. Observation of the 
ureteral orifices, urine efflux from these orifices, and explo- 
ration of bladder diverticulae may be necessary. 

Washings, biopsies, etc., are performed at that time if 
indicated. Once the test is completed, the instrument is 
gently withdrawn after emptying of the bladder (when 
using a rigid instrument). 

Drinking up to 6-8 glasses of water per day for 3 days is 
usually recommended and the patient is discharged. No 
antibiotics are required unless the patient has an artificial 
heart valve or it is considered necessary by the physician. 


Urethrocystoscopic findings 


Urethral abnormalities 
Urethral strictures 


Indwelling catheters, multiple endoscopic manipulations, 
intermittent catheterizations, and neurogenic trophicity 
changes lead to frequent urethral strictures and false pas- 
sages (Figures 36.3 and 36.4). For instance, in Goteborg, 
Sweden, a study was carried out to identify complications 
of clean intermittent catheterization in males and young 
boys with neurogenic bladder dysfunction. Major urethral 
lesions were seen on cystoscopy, and included urethral 
stricture, false passages, and meatal stenosis.! 


Figure 36.3 


Urethral stricture. 


Figure 36.4 


Urethral stricture. 


Strictures can be short and sometimes easy to break just 
with the cystoscope, or solid, long and tight enough to 
not allow the cystoscope to pass through. Neglected, they 
can generate urethral diverticulae and urethroscrotal and 
urethrocutaneous fistulae. 


Bladder neck cystoscopic evaluation 


The degree of opening of the neurogenic bladder neck can- 
not be adequately evaluated by cystoscopy. False results can 
be induced by irrigation flow. These changes are dynamic and 
not anatomic. They should be evaluated by videourodynamic 
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or simple voiding cystogram. In fact, a voiding cysto- 
urethrography (VCUG) might provide a tremendous 
amount of information useful in identifying multiple com- 
plications such as trabeculations, sacculations, diverticulae, 
vesicoureteric reflux, and postvoid residual, as well as the 
bladder’s ability to empty.’ 

However, after bladder neck incision or resection to 
decrease bladder neck resistance, bladder neck strictures 
can be easily seen by cystoscopy, but, here again, their real 
impact on bladder function can be assessed only by void- 
ing cystogram. 


Endoscopic evaluation of urethral 
stents 


Some specialized centers no longer perform incisional 
sphincterotomies, preferring endoluminal stents instead 
(i.e. Urolume — AMS). The techniques and results with 
these stents are detailed in Chapter 57. 

It is usually easy to introduce a flexible cystoscope 
through these stents, which ‘disappear’ completely after a few 
months since the device is epithelialized through and 
in-between its pores: 90—100% of epithelialization of the 
stent has been demonstrated in 47.1% of cases 3 months after 
insertion, and in 87.7% of cases 12 months after insertion. 

Mild epithelial hyperplasia can occur (34—44.4%) after 
stent insertion and may look like an obstructed urethra. 
Much less frequently, these strictures are severe (3.1%), 
requiring urethrotomy and sometimes insertion of a 
second stent at the same level as the first.’ 

Occasionally, however, and even several years later, part 
of the stent may remain visible, but usually does not cause 
any problems. Calcifications of the stents are rare. No stone 
formation has been reported.’ 

A study was carried out by Denys and colleagues,* in 
order to evaluate another type of urethral stent, the 
Ultraflex, for detrusor-sphincter dyssynergia. In that study, 
endoscopic evaluation proved to be very valuable. The 
mean follow-up of 39 patients was 1.73 + 1.11 years. No 
stone encrustation or stenosis of stent extremities was 
observed. Nonobstructive granulation tissue was identified 
in 6.8%. The mean percentage of epithelialization of the 
stent was 90.8% + 19.7%. No migration of the stent into 
the bladder was seen in that study, however minimal dis- 
placement of the stent compared to the initial position was 
observed in 21.7% of cases. 


Structural bladder anomalies 


The well-balanced bladder of a compliant patient looks 
normal (Figure 36.5) most of the time. However, it may 
show significant changes because of patient noncompli- 
ance with intermittent catheterization, medication, etc., or 
these treatments may have no effect. 


Figure 36.5 


Normal bladder mucosa. 


Figure 36.6 
Cystitis glandularis. 


Bladder wall abnormalities 


Often associated with chronic infections but also often not 
related to any obvious disease, cystitis glandularis (Figure 
36.6) and cystitis follicularis (Figure 36.7) can be found 
during systematic cystoscopic evaluation. 


Bladder wall trabeculations 


There is no consensus in the literature regarding the signif- 
icance of bladder wall trabeculations (Figures 36.8 to 
36.11). O'Donnell’ suggested that they could be related to 
high bladder pressure.* To Brocklehurst, McGuire,’ Shah,’ 
and O'Reilly’ they are secondary to an infravesical obstruc- 
tion. More authors believe that trabeculations reflect 
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Figure 36.7 


Cystitis follicularis. 


Figure 36.8 


Trabeculation grade 1. 


Figure 36.9 


Trabeculation grade 2. 


Figure 36.10 


Trabeculation grade 3. 


Figure 35.11 


Trabeculation grade 4. 


bladder overactivity and uninhibited contractions. Schick 
and Tessier!’ studied the correlation between the endo- 
scopic aspects of bladder walls and urodynamic parameters 
in 220 women. They concluded that there is a close corre- 
lation between trabeculation grade and the percentage of 
unstable bladders (Figure 36.12). 


Ureteral orifices 


High bladder pressure, recurrent infections, and changes in 
bladder wall thickness may provoke alterations in the shape 
of the ureteral orifices. In some cases, they can look wide 
open. Their appearance cannot preclude the efficacy of the 
intramural ureteral valve mechanism and the presence of 
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Correlation between the trabeculation grade and percentage of 
unstable bladders. 


Figure 36.14 
Bladder stone. 


Figure 36.13 


Ureterocele. 


reflux. Reflux can be diagnosed only by cystogram with a 
contrast agent or a radioisotope fluid. Ureterocele can be of 
variable size (Figure 36.13). 


Tumors, stones, and foreign 
bodies 


Bladder stones 


Usually secondary to infections, bladder stones are very 
frequent findings in neurogenic patients. They must be 
suspected in cases of recurrent Proteus mirabilis infections, 
increased spasticity or incontinence, elimination of small 


Figure 36.15 
Bladder stone. 


calcified fragments, etc. They are easy to diagnose by 
cystoscopy, and sometimes can be crushed for removal in 
the same set-up. Their aspects are extremely variable, from 
small, round, single, or multiple stones to huge ‘egg-like’ 
stones (Figures 36.14 and 36.15). 


Bladder tumors 


Patients with chronic indwelling catheters must undergo 
annual cystoscopic evaluation, which is the only way (with 
cytology) to detect suspicious lesions such as bladder 
carcinoma. Usually, these lesions start at the level of the 
trigone, where the catheter and the balloon lie down. In 
these patients, there is almost always a small reddish area 
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Figure 36.16 


Mucosal catheter reaction. 


Figure 36.17 
Bladder papillary tumor (partially calcified). 


which is difficult to differentiate from an early carcinoma 
(Figure 36.16). Biopsy of these lesions is a simple way of 
reassuring the physician and patient. Bladder tumors can 
be located anywhere in the bladder and have different 


Figure 36.18 


Urethral papillary tumor. 


Figure 36.19 
Stitch eroding the bladder wall. 


aspects, but most frequently papillary (Figure 36.17). 
Much less frequent are urethral tumors (Figure 36.18). 


Foreign bodies 


Foreign bodies are rare. Not infrequently, hairs can be 
found in patients with intermittent catheterization. 
Sometimes, they start to be calcified, and always have to be 
removed. Even less frequently are iatrogenic foreign bodies. 
Pieces of Foley catheter balloons or sutures from urologic 
or nonurologic procedures are eroded into the bladder 
(Figures 36.19 and 36.20). 
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Figure 36.20 
Calcified stitch into the bladder. 


Conclusion 


Urethrocystoscopy must be part of the regular evaluation 
of neurogenic bladders. It often allows us to understand the 
patient’s worsening lower urinary tract function. Until 
now, and for most of the changes and abnormalities found 
by cystoscopy, no other test can replace it with the same 
accuracy and reliability. 
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Imaging techniques in the evaluation of 
neurogenic bladder dysfunction 


Walter Artibani and Maria A Cerruto 


In the evaluation of neurogenic bladder dysfunction, imaging 
techniques have the following goals and roles: 


e they can suggest a neurogenic etiology in voiding 
disorders 

e they can assess the central nervous system (CNS) in 
order to confirm and identify the neurogenic lesion, 
and to relate level and type of neurogenic lesion to 
bladder dysfunction 

e they can evaluate the morphologic status of the lower 
and upper urinary tract. 


Imaging techniques 
suggesting a neurogenic 
etiology 


Lumbosacral spine X-rays 


Lower urinary tract (LUT) dysfunction in children, and 
more rarely in young adults, can be the expression of an 
underlying spinal dysraphism. In the majority of cases, 
abnormalities of the gluteosacral region and/or legs and 
foot are visible (e.g. small dimples, tufts of hair, subcu- 
taneous lipoma, dermal vascular malformations, one leg 
shortness, high arched foot or feet). However, in some 
cases these abnormalities may be minimal or absent. 
A careful evaluation of the anteroposterior and lateral 
film of the lumbosacral spine can identify vertebral 
anomalies commonly associated with nervous system 
anomalies.!> 

Sacral agenesis involves the congenital absence of part or 
all of two or more sacral vertebrae. The absence of two or 
more sacral vertebrae always implies the presence of a neu- 
rogenic bladder dysfunction (Figures 37.1 and 37.2).°” 

The significance of spina bifida occulta can vary. Simple 
failure to fuse the laminae of the 4th and 5th lumbar 


Figure 37.1 
Sacral agenesis. Cystography: small retracted bladder and 
bilateral grade V vesicoureteric reflux. 


vertebrae is unlikely to be important, but when the spinal 
canal is noticeably widened, there may be cord involvement 
(diastematomyelia, tethered cord syndrome).§ 


Open bladder neck and 
proximal urethra at rest 


Open bladder neck and proximal urethra at rest, during the 
storage phase, can be observed during cystography, 
videourodynamics, or bladder ultrasonography, both in 
patients with and without neurologic diseases. 

Distal spinal cord injury has been associated with an 
open smooth sphincter area, but whether this is due to 
sympathetic or parasympathetic decentralization or 
defunctionalization is still unclear.’ 
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Figure 37.2 
Sacral agenesis. Cystography: small sacculated bladder and 
bilateral grade III vesicoureteric reflux. 


A relative incompetence of the smooth sphincter area 
may also result from interruption of the peripheral reflex 
arc, which is very similar to the dysfunction observed in the 
distal spinal cord injury. Twenty-one out of 54 patients 
with spinal stenosis were found to have an open bladder 
neck at rest.'°"! 

In a review of 550 patients,’ 29 out of 33 patients with 
an open bladder neck had neurologic diseases. Although 
the association was more commonly seen in patients with 
thoracic, lumbar, and sacral lesions, when compared to cer- 
vical and supraspinal lesions the difference was not signif- 
icant. Damage of sympathetic innervation to the bladder 
was also frequently observed in patients undergoing major 
pelvic surgery, such as abdominal perineal resection of the 
rectum. 

Patients with myelodysplasia showed an inordinately 
high incidence of open bladder neck (10 out of 18 patients, 
vs 19 out of 290 with different neurologic disorders). 

Patients with sacral agenesis are included in the larger 
category of myelodysplastic patients and suffer from open 
bladder neck with areflexic bladder. 

Shy—Drager syndrome is a Parkinson-like status with 
peripheral autonomic dysfunction. A detrusor hyperreflexia 
(currently named neurogenic detruso overactivity - NDO) 
is usually found in association with an open bladder neck 
at rest and a denervated external sphincter.” 

Peripheral sympathetic injury results in an open bladder 
neck and proximal urethra from damaged a-adrenergic 


innervation to the smooth muscle fibers of the bladder 
neck and proximal urethra.'* Although it can occur as an 
isolated injury, this is usually associated with partial detru- 
sor denervation and preservation of sphincter electromyo- 
graphic (EMG) activity. 

The loss of bladder neck closure suggests an autonomic 
neural deficit. The site and nature of the requisite deficit is 
unclear. Most authors agree on the importance of the sym- 
pathetic system in maintaining the integrity of the bladder 
neck,!>-!? although some authors have suggested the possi- 
ble role of parasympathetic innervation.”°”! 

Open bladder neck at rest in children or in women with 
no neurologic diseases can represent a different disorder, 
either related to a congenital anomaly or secondary to 
an anatomic pelvic floor defect. Stanton and Williams” 
described an abnormality in girls with both diurnal incon- 
tinence and bed-wetting, based primarily on micturating 
cystourethrography, in which the bladder neck was wide 
open at rest. Murray et al” reported the ‘wide bladder neck 
anomaly’ in 24.5% of the girls (35) and 9.3% of the boys 
(10) amongst 251 children (143 girls and 108 boys) 
undergoing videourodynamics for the assessment of non- 
neuropathic bladder dysfunction (mainly daytime inconti- 
nence). The authors considered this anomaly as congenital 
and made the hypothesis that wide bladder neck anomaly 
in girls may provide a basis for the development of genuine 
stress incontinence in later life. 

Chapple et al’* reported that 21% of 25 totally asympto- 
matic women they investigated by transvaginal ultrasound 
had an open bladder neck at rest. Versi” found a 21% 
prevalence of open bladder neck at rest in 147 women vis- 
iting a urodynamic clinic and suggested that the finding is 
of little consequence. 

Open bladder neck is a key point in defining type HI 
stress incontinence according to the classification of 
Blaivas and Olsson.” This classification is based on history, 
imaging, and urodynamics, and distinguishes five diagnos- 
tic categories of stress incontinence. Incontinence type III 
is diagnosed by the presence of open bladder neck and 
proximal urethra at rest in the absence of any detrusor con- 
traction, suggesting an intrinsic sphincter deficiency. The 
proximal urethra no longer functions as a sphincter. There 
is obvious urinary leakage, which may be gravitational in 
nature or associated with minimal increase in intravesical 
pressure. 

In pelvic fracture with membranous urethral distraction 
defects, when cystography (and/or cystoscopy) reveals an 
open bladder neck before urethroplasty, the probability of 
postoperative urinary incontinence may be significant, 
although the necessity of a simultaneous (or sequential) 
bladder neck reconstruction is controversial.” 

In summary, when observing an open bladder neck and 
proximal urethra at rest, during the storage phase, what- 
ever imaging technique is used, it may be worthwhile to 
evaluate the possibility of an underlying autonomic neural 
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deficit (occult spinal dysraphism, sacral agenesia, post- 
surgery peripheral neural damage, Shy—Drager syndrome). 
Previous pelvic trauma or female gender can lead to a 
different perspective. 

In the case of a manifest diagnosed neurogenic disease, 
open bladder neck and proximal urethra stand for various 
pathophysiologic situations and require a thorough urody- 
namic investigation in order to be correctly interpreted 
(e.g. sympathetic damage, associated detrusor-sphincter 
dyssynergia, previous endoscopic manipulation). 


Imaging techniques assessing 
the central nervous system 


Imaging of the central nervous system, otherwise known as 
neuroimaging, is a valuable aid in the diagnosis of a variety 
of CNS diseases which may cause LUT dysfunctions. 
Computed tomography (CT), magnetic resonance imaging 
(MRI), single-photon emission computed tomography 
(SPECT), and positron emission tomography (PET) have 
been used and reported. 

When LUT symptoms are just part of the many symp- 
toms caused by a CNS disease, the diagnosis is made on 
clinical grounds and neuroimaging is carried out only to 
confirm it. In rare cases, LUT symptoms are the only 
presenting symptoms of an underlying neurologic disorder 
and neuroimaging is instrumental in the diagnosis. 

The literature shows an endless list of rare neurologic con- 
ditions presenting with different symptoms, including LUT 
symptoms, in which CT scan, MRI, SPECT, and PET imaging 
were carried out to identify the underlying CNS disease. 

After a cerebrovascular accident, the urodynamic 
behavior of the lower urinary tract has been correlated to 
CT pictures of the brain.*°?! 

The presence of significant cerebral lesions has been 
clearly demonstrated by CT, MRI, or SPECT in the absence 
of clinical neurologic symptoms and signs in patients com- 
plaining of urge incontinence.*” This can be particularly 
significant in elderly patients. Griffiths et al,” studying 48 
patients with a median age of 80 years, reported that the 
presence of urge incontinence was strongly associated with 
depressed perfusion of the cerebral cortex and midbrain as 
determined from the SPECT scan. 

Kitaba et al,** using MRI, reported subclinical lesions in 
the brain in 40 out of 43 men more than 60 years old who 
complained of urinary storage symptoms; of these 40 
patients, 23 (57.5%) had detrusor hyperreflexia (NDO). 

In spinal cord injured patients, CNS MRI can detect 
unsuspected cerebral or spinal lesions (ischemic and hem- 
orrhagic areas, syringomyelia, spinal compression, spinal 
stenoses) which provide explanations for the possible dis- 
crepancy between the clinically assessed level of neurologic 
lesion and the urodynamically observed LUT dysfunction. 


Spinal MRI is instrumental in diagnosing a tethered 
cord syndrome, as a primary disorder due to dural adhe- 
sions or as the outcome of previous surgical manipulation 
of the distal spinal cord. 

PET studies provide information on specific brain struc- 
tures involved in micturition in humans. In men and women 
who are able to micturate during scanning, an increase in 
regional blood flow was shown in the dorsomedial part of 
the pons close to the 4th ventricle, the pontine micturition 
center (PMC). PET studies carried out in both men and 
women also showed an activation of the mesencephalic peri- 
acqueductal gray (PAG) area during micturition. Based on 
experiments on cats, this area is known to project specifically 
to the PMC and its stimulation elicits complete micturition. 
Experimental interruption of fibers from the PAG to the 
PMC results in a low-capacity bladder. PET studies during 
micturition in humans also showed an increased regional 
blood flow in the hypothalamus, including the preoptical 
area, which in cats can elicit bladder contractions.” 

MRI is commonly used for diagnosis of multiple sclero- 
sis (MS) and for measuring disease severity. Paradoxically, 
MRI-determined total lesion load in the brain correlates 
weakly with disability. The relatively low signal-to-noise 
ratios of MRI would require averaging data from many 
individuals, needing two methodologic developments: the 
registration of different brains into a standard stereotaxic 
space, and the application of statistical tests to the resultant 
data to generate so-called statistical parametric maps. 
Developing an automatic imaging algorithm for lesion 
detection in MS, Charil et al applied this automatic proce- 
dure to the MRI scans of 452 patients with relapsing-remit- 
ting MS,” demonstrating for the first time a relationship 
between the site of lesions and any type of disability in a 
large-scale MRI data set in MS. In more detail, the authors 
found that bowel and bladder disability scores correlated 
with lesions in the medial frontal lobes, cerebellum, insula, 
dorsal midbrain, and pons, all areas known to be involved 
in the control of micturition. 

The present functional neuroimaging technology shows 
great potential to improve our knowledge of nervous func- 
tional anatomy in relation to vesicourethral function and 
dysfunction. 


Imaging techniques of the 
lower and upper urinary tract 
in neurogenic bladder 


Imaging of the lower urinary 
tract 


Imaging of the lower urinary tract in neurogenic bladder 
dysfunctions aims at visualizing the morphology of the 
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bladder and urethra, locating infravesical obstruction, vesi- 
coureteric reflux, diverticula, fistula, and stones, providing 
a reasonable assessment of residual urine, and demonstrat- 
ing leakage. 

Bors and Comarr* described in detail the use of (video)- 
cystourethrography, with natural or retrograde filling, with 
or without ice-cooled contrast medium: the use of ice- 
cooled contrast medium — iced cystourethrography — can be 
useful in some suprasacral neurogenic patients in order 
to elicit detrusor reflex and voiding. Changes are 
detectable in the urethra (diverticula and fistulae at the 
level of the penoscrotal junction, or a patulous urethra) 
and in the bladder (smooth overdistended bladder, tra- 
beculation, wide open bladder neck, bladder asymmetry, 
“Christmas Tree’ bladder, thickened bladder wall, vesico- 
ureteric reflux, paraureteric diverticula, bladder diver- 
ticula) (Figure 37.3). It is worthwhile to reread their 
description. 

In expert hands ultrasonography can provide similar 
information. Color flow Doppler in combination with 
conventional B-mode sonography has been shown to be 
effective for detection and follow-up of vesicoureteric 
reflux in the neurogenic bladder, as an alternative to 
cystourethrography.”” 

LUT imaging by ultrasonography or cystourethrography 
can be performed as a separate test, but it is better per- 
formed at the time of urodynamic study (videourodynam- 
ics)*! (Figure 37.4). 

Videourodynamics is generally regarded as the ‘gold 
standard’ in the evaluation of LUT tract dysfunction. 
However, whether urodynamic and imaging testing should 
be performed simultaneously or on separate occasions is 
still controversial. An interesting tool in the evaluation of 
LUT function and dysfunction is the association between 
MRI and urodynamics. The concept of MRI videourody- 
namics would seem to be feasible and attractive. The com- 
bination of function and morphology allows us an 
innovative view of the pelvic floor, adding to our under- 
standing of the various structure interactions. The devel- 
opment of MRI urodynamic examination gives the 
possibility to gather the objective functional test of bladder 
and urethra function provided by urodynamics and the 
best anatomical images of the pelvic floor offered by MRI 
together. This functional imaging techniques should cur- 
rently be used only for research purposes.” 

Urodynamic examinations must be repeated several 
times to obtain reproducibility. The more parameters are 
studied, the more complicated the examination becomes, 
with a correspondingly higher risk of bias. Nevertheless, 
simultaneous videomonitoring, along with tracings of 
detrusor pressure and possibly of EMG sphincter activity, 
is an important means to make sure that the imaging is 
performed at the appropriate times so that the morpho- 
logic features can be related to the various functional 
states. 


Figure 37.3 

Myelomeningocele. Cystourethrography: (a) anteroposterior 
projection — ‘Christmas tree’ bladder, paraureteral diverticulum 
and grade | left vesicoureteric reflux, wide open bladder neck 
and proximal urethra, intraprostatic ducts visualization; 

(b) oblique projection during micturition — narrowed 
membranous urethra. 


Severe bladder trabeculation with diverticula and pseu- 
dodiverticula, vesicoureteric reflux, wide bladder neck, 
and proximal urethra, and narrowing at the level of the 
membranous urethra can suggest, mainly in children, the 
presence of neurogenic LUT dysfunction (occult spinal 
dysraphism, non-neurogenic neurogenic bladder) even in 
the absence of neurogenic symptoms and signs.“ In 
these cases imaging abnormalities indicate the need for 
urodynamic evaluation, electrophysiologic tests, and CNS 
imaging. 
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Figure 37.4 

Spastic paraparesis secondary to herpetic encephalitis. 
Videourodynamics showed phasic neurogenic detrusor 
overactivity resulting in incontinence; during involuntary 
detrusor contractions a good bladder neck opening may be 
observed without any radiologic sign of detrusor-sphincter 
dyssynergia. 


Residual urine evaluation can be worthwhile in neuro- 
genic LUT dysfunctions. Residual urine is defined by the 
International Continence Society (ICS) as the volume of 
fluid remaining in the bladder immediately following com- 
pletion of micturition.“ Residual urine is usually referred 
to as an absolute value, but it can be measured also as a 
percentage of bladder capacity. 

The measurement of postvoid residual urine (PVR) can 
be performed by invasive or noninvasive means: invasive 
means are in-and-out catheterization and endoscopy; non- 
invasive means are transabdominal ultrasonography and 
radioisotope studies. 

In-and-out catheterization is indicated as the gold stan- 
dard for the measurement of PVR. Its invasiveness is not an 
issue in patients who are or will be in a regimen of inter- 
mittent catheterization. This method is subject to inaccu- 
racies if the person performing the catheterization is not 
fully instructed as to the procedures and techniques to 
assure complete emptying (moving the catheter in and out 
slowly, twisting it, suctioning with syringe, suprapubic 
pressure), especially in cases of bladder diverticula and 
vesicoureteric reflux.“ Stoller and Millard*® showed inac- 
curacies in 30% of 515 male patients evaluated by full-time 
urologic nurses, with a mean difference between the initial 
and the actual residual volume of 76 ml in 30% of inaccu- 
rate assessments. After further training by the nurses, inac- 
curate assessments were reduced to 14%, with a mean 
difference of 85 ml. 

Before the era of ultrasonography, PVR was measured 
noninvasively by the phenolsulfonphthalein excretion 


test“? or with isotopes.” These tools have now been practi- 
cally abandoned. 

Ultrasonography is the least-invasive method of deter- 
mining the PVR. There are several methods for this mea- 
surement, which are based on transverse and longitudinal 
ultrasound bladder imaging. Using any of three parameters 
(length, height, width) or the surface area in the transverse 
image and the length obtained in the longitudinal image, 
various volume formulae for a spherical or an ellipsoid 
body are utilized to estimate the bladder volume. 
Currently, no single formula can be indicated as the best to 
calculate bladder volume. 

Several studies report sufficient accuracy in the ultra- 
sound estimation of PVR.*!*” The intra-individual vari- 
ability of PVR is high from day to day and even within a 
24-hour period. This was reported in men with benign 
prostatic hypertrophy (BPH) by Birch et al and by 
Bruskevitz et al. Griffiths et al® examined the variability 
of PVR among 14 geriatric patients (mean age 77 years), 
measured by ultrasound at three different times of the day 
during each of two visits at 2—4-week intervals. Within- 
patient variability was large (SD 128 ml) because of a large 
systematic variation with time of the day, with greatest vol- 
umes in the early morning. The inherent random variabil- 
ity of the measurement was much smaller (SD 44 ml). 

There are no data with regard to PVR variability in neu- 
rogenic bladders. The factors influencing the variability of 
PVR measurement are voiding in unfamiliar surroundings, 
voiding on command with a partially filled or overfilled 
bladder, the interval between voiding and the estimation of 
residual (it should be as short as possible), and the presence 
of vesicoureteric reflux or bladder diverticula. 

Portable scanners have been introduced, with automatic 
measurement of bladder volume. In a prospective compar- 
ison,®! where 100 measurements of PVR by portable 
ultrasound were compared with measurements by catheter- 
ization, the mean absolute error of the scanner was 52 ml. 
For volumes below 200 and 100 ml, the error was 36 and 
24 ml, respectively. The portable scanner appears to be a 
valid alternative to in-and-out catheterization. 


Imaging of the upper 
urinary tract 


Imaging of the upper urinary tract is indicated in cases of 
neurogenic urinary incontinence with high risk of renal 
damage (due to high detrusor pressure, e.g. myelodyspla- 
sia, spinal cord injury, and low compliance bladder (Level 
of Evidence 3). Grade of Recommendations C according to 
the International Consultation on Urological Diseases 
(ICUD) system).°? 

Neurogenic bladder dysfunction, primarily in the 
case of low bladder compliance or detrusor-sphincter 
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dyssynergia, or chronic retention with incontinence, 
can undermine urine transport through the ureterovesical 
junction from the kidneys to the bladder, resulting in 
hydronephrosis and renal damage. The relationship between 
high bladder storage pressure and renal deterioration has 
been well established by McGuire et al in a cohort of 
myelodysplastic children, showing that a detrusor leak point 
pressure >40 cmH,O is detrimental to the upper urinary 
tract function.® Renal impairment is usually detectable at 
various stages by imaging of the kidneys and/or renal 
function tests. 

Upper tract imaging is advisable at baseline and dur- 
ing follow-up in all cases of neurogenic bladder dysfunc- 
tion, and most of all in urodynamic situations with high 
risk of renal damage (high bladder pressure and ineffi- 
cient voiding, with or without vesicoureteric reflux and 
infection). 

The upper tract imaging modalities most commonly 
used include ultrasonography, intravenous urography 
(IVU), isotope scanning, CT scanning, and MRI. 

Ultrasonography is an excellent tool for imaging of the 
upper urinary tract. It is noninvasive, and successful imag- 
ing of the kidneys is independent of renal function. 
Ultrasound can be used to assess many features of renal 
anatomy, including renal size and growth, hydronephrosis, 
segmental anomalies, stones, and tumors. In the evaluation 
of the patient with neurogenic LUT dysfunction, the detec- 
tion of hydronephrosis is extremely important and may be 
a marker for a badly managed LUT. Because ultrasonogra- 
phy cannot predict function or degree of obstruction or 
reflux, other imaging modalities are often used after 
hydronephrosis is initially diagnosed by ultrasound. 
Ultrasound is an excellent tool to follow the degree of 
hydronephrosis or the response to treatment over time. 

IVU is the original radiographic examination of the 
upper (and lower) urinary tract. Successful examination is 
dependent upon adequate renal function. Renal dysfunc- 
tion, obstruction, congenital anomalies, fistula, stones, and 
tumors may be detected. 

In some neurogenic patients, both kidney ultrasonogra- 
phy and IVU can be difficult to perform and interpret 
due to chronic constipation, excessive bowel gas, severe 
kyphoscoliosis or other spinal deformities, and the 
presence of internal fixation devices. 

Isotopes are used primarily to examine functional char- 
acteristics of the upper urinary tract. Isotope scanning can 
be used to evaluate renal morphology and location. 
Renography is used to examine the differential function of 
the two kidneys as well as how they drain. There are many 
physiologic factors and technical pitfalls that can influence 
the outcome, including the choice of radionuclide, timing 
of diuretic injection, state of hydration and diuresis, full- 
ness or back pressure from the bladder, varying renal func- 
tion, and compliance of the collecting system. Diuresis 


renography with bladder drainage is recommended when 
obstructive upper tract uropathy is suspected.**°° 

CT scanning provides useful information about the 
anatomy of the upper urinary tract. Information can be 
independent of renal function; however, the addition of 
intravenous contrast can highlight specific anatomic char- 
acteristics (dependent upon renal function). CT scanning 
can be used as an alternative to ultrasonography or IVU, 
and in many cases provides additional information, 
although at a higher cost. 

MRI offers some of the same benefits as CT in the eval- 
uation of the upper urinary tract. Magnetic resonance 
urography is gaining popularity as an alternative to IVU, 
allowing multiplanar imaging and avoiding the intra- 
venous injection of contrast media and the use of ionizing 
radiation. Its use in patients with neurogenic bladder due 
to spinal dysraphism with gross spinal deformity has been 
shown to be valuable and effective, even in the presence of 
gross spinal deformity.°” 


Conclusions 


Upper urinary tract imaging, by means of ultrasonography 
or MRI urography, is recommended at baseline and during 
follow-up, as needed, in neurogenic LUT dysfunctions. 
Their implementation is mandatory when low bladder 
compliance and chronic retention with/without inconti- 
nence indicate a high risk of renal impairment. 

In the evaluation of the LUT, the simultaneous perfor- 
mance of imaging and urodynamics (videourodynamics) 
is the gold standard. 

Some morphologic findings at cystourethrography or 
ultrasonography — such as open bladder neck and proximal 
urethra at rest, heavily thickened sacculated and trabecu- 
lated asymmetric bladder, and membranous urethral nar- 
rowing — can have clinical and diagnostic relevance in 
raising the suspicion of a neurogenic disease, even in the 
absence of clear neurologic symptoms and signs. 

Lumbosacral spine X-rays, followed when needed by 
MRI, have specific indications in children and young adults 
with suspected neurogenic LUT dysfunction, with or with- 
out gluteosacral stigmata. 

CNS imaging should be considered when a neurologic 
disorder is suspected on the basis of clinical, imaging, and 
neurophysiologic findings. 

Functional neuroimaging by PET is going to provide 
new insight into the functional anatomy of CNS related to 
vesicourethral function and dysfunction. Neuroimaging 
can cover the gap between clinical neurologic level assess- 
ment and the type of vesicourethral dysfunction. 

Knowledge of functional and dysfunctional mechanisms 
will certainly increase, and together with developments in 
imaging techniques will enhance clinical understanding. 
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Evaluation of neurogenic bladder dysfunction: 


basic urodynamics 


Christopher E Kelly and Victor W Nitti 


Classification of neurogenic 
voiding dysfunction 


The main objective in assessing patients with suspected 
neurogenic lower urinary tract (LUT) dysfunction is to 
determine what effect the neurologic disease has on the 
entire urinary tract so that treatment can be implemented 
to relieve symptoms and prevent upper and lower urinary 
tract damage. The functional classification system 
described by Wein (Figure 38.1) is a useful framework with 
which to conceptualize neurogenic voiding dysfunction 
and provides a basis for the discussion of various diagnostic 
and treatment modalities.' This simple and practical sys- 
tem can be easily applied to our diagnostic criteria (e.g. 
urodynamics). Of equal importance is the fact that treat- 
ment options can be chosen based on this system. The 
functional classification system is based on the simple con- 
cept that the LUT has two basic functions: storage of ade- 
quate volumes of urine at low pressures, and voluntary and 
complete evacuation of urine from the bladder. For normal 
storage and emptying to occur there must be proper and 
coordinated functioning of the bladder and bladder outlet 
(bladder neck, urethra, external sphincter). Hence, neuro- 
genic LUT dysfunction can be classified under the follow- 
ing rubrics: ‘failure to store’, ‘failure to empty, or a 
combination thereof. Abnormalities in LUT function may 
be the result of bladder dysfunction, bladder outlet dys- 
function, or a combined dysfunction. Figure 38.2 summa- 
rizes how neurologic disease can adversely affect the 
bladder and/or the bladder outlet, causing storage and 
emptying dysfunction. 

Prior to our discussion, it is important to emphasize that 
symptoms do not always indicate the magnitude to which 
the disease is affecting the urinary tract, especially in neu- 
rologic disorders. Serious urinary tract damage can result 
in the absence of symptoms. It is also vital to realize that 
patients with neurologic disease are at risk for developing 


Functional classification: 


1. Emptying abnormality (failure to empty) 
2. Storage abnormality (failure to store) 
3. Emptying and storage abnormality 


Anatomic abnormality: 


1. Bladder dysfunction 
2. Bladder outlet dysfunction 
3. Bladder and bladder outlet dysfunction 


Figure 38.1 


Functional classification of voiding disorders. 


Failure to store 


A. Bladder dysfunction: 
e Neurogenic detrusor overactivity 
e Impaired compliance 


B. Bladder outlet dysfunction: 
e Neurogenic intrinsic sphincter deficiency 


Failure to empty 


A. Bladder dysfunction: 
e Detrusor underactivity 
e Acontractile detrusor 


B. Bladder outlet dysfunction: 
e Detrusor-external sphincter dyssynergia 
e Bladder neck dyssynergia 


Figure 38.2 


Effects of neurologic disease on storage and emptying function. 
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the same urologic and gynecologic problems as persons of 
the same age without neurologic disease.” For example, just 
because a woman has had a cerebrovascular accident does 
not exclude her from having stress urinary incontinence. 
And, lastly, the clinician should remember that neurologic 
lesions may be ‘complete’ or ‘incomplete’. Hence, urologic 
manifestations of neurologic disease may not always be 
predictable. A complete neuro-urologic evaluation of 
patients with neurogenic voiding dysfunction is therefore 
important. 

In this chapter we will discuss the evaluation of patients 
with neurogenic LUT dysfunction with urodynamics. 
Prior to this discussion, a working knowledge of the 
neurophysiology of micturition is essential. This topic is 
covered in Chapter 7. Additionally, the effect of particular 
neurologic diseases on LUT function is covered elsewhere 
in the book. 


Assessment of patients with 
neurogenic lower urinary 
tract dysfunction 


History and physical 
examination 


Any patient with obvious or suspected neurogenic voiding 
LUT dysfunction deserves a neurologic work-up. 
Controversy exists as to how often patients should be 
reassessed urologically. We recommend that patients be 
reviewed at least annually, and the complete work-up 
be repeated if significant changes occur in the neurologic 
status or LUT signs or symptoms. 

Prior to urodynamic testing a complete history and 
physical examination are imperative. A thorough under- 
standing of the patient’s condition and symptoms is essen- 
tial so that urodynamic investigations can be ‘customized’ 
to answer questions relevant to that particular patient. 
Initial evaluation of patients with suspected neurogenic 
LUT dysfunction should include a thorough history of the 
patient’s general health and neurologic disease. It is impor- 
tant to understand how the neurologic disease affects daily 
activities, whether it affects other systems, and whether its 
course is stable or changing. In patients who do not have a 
history of neurologic disease (i.e. occult neurologic dis- 
ease), it is important to carefully and directly question 
them even about their more subtle neurologic complaints.’ 

A standard and complete urologic examination should 
be performed on all patients with suspected neurogenic 
LUT dysfunction. A good general neurologic examination 
to assess sensation, strength, dexterity, and mobility is 
essential, as all of these can affect treatment of neurogenic 


LUT dysfunction. A specific and comprehensive 
evaluation of the sacral nerve (S2—S4) reflex arc is critical. 
A digital rectal examination will establish rectal tone and 
control. The bulbocavernosus reflex and perianal sensa- 
tion should also be assessed. Finally, lower extremity spas- 
ticity along with patellar and ankle reflexes should be 
evaluated. 


Laboratory studies 


Basic serum and urine tests, including renal function tests and 
serum electrolytes, should be performed. Urinalysis and urine 
culture are essential, particularly in patients with an increased 
risk for developing urinary tract infections: those with chronic 
indwelling catheters, on intermittent self-catheterization, or 
those carrying high postvoid residual volumes. 


Noninvasive urodynamic 
assessment 


Noninvasive studies such as uroflowmetry and measurement 
of postvoid residual urine can be readily performed to give an 
initial assessment of the patient’s ability to empty the bladder. 
While nonspecific for underlying dysfunction, uroflowmetry 
is often used as a screening test for voiding dysfunction and 
as a means for selecting patients for more sophisticated uro- 
dynamic studies. It also provides an objective way to monitor 
the emptying in patients who have specific diagnoses and are 
followed with observation or specific therapy. 

Since the upper urinary tract in neurogenic voiding 
dysfunction can be adversely affected by secondary reflux, 
ascending infection, hydronephrosis, chronically elevated 
bladder storage pressure, or stones, we recommend some 
baseline imaging studies. The choice of study depends on 
the clinical question being answered. A renal ultrasound 
or intravenous pyelogram can be used to assess for 
anatomic abnormalities, hydronephrosis, or stones. 
Bladder ultrasound provides a noninvasive method of 
measuring residual bladder urine and may assist in ruling 
out bladder calculi, which are associated with chronic 
indwelling catheterization.’ A voiding cystourethrogram, 
whether alone or as part of videourodynamics, can help 
diagnose vesicoureteral reflux.* Radionucleotide renogra- 
phy may be helpful when more detailed information on 
renal function is required, such as obstruction or cortical 
scarring. 

Although it is an invasive technique, a few words on 
cystourethroscopy are important. It is indicated in those 
with indwelling catheters on a yearly basis. Besides evaluat- 
ing for bladder calculi, epithelial changes can be detected. 
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These patients carry a 5% lifetime risk of developing 
squamous cell carcinoma of the bladder.*” 


Urodyamics 


Multichannel urodynamic evaluation is the mainstay of 
evaluation in patients with neurogenic LUT dysfunction. 
The goals of urodynamic testing in patients with neuro- 
logic disease are: 


1. to provide documentation of the effect of neurologic 
disease on the LUT 

2. to correlate the patient’s symptoms with urodynamic 
events 

3. to assess for the presence of urologic risk factors associ- 
ated with urologic complications: detrusor striated 
sphincter dyssynergia (DESD), impaired bladder com- 
pliance, sustained high-pressure detrusor contractions, 
and vesicoureteral reflux. 


The urodynamic evaluation consists of several components, 
including the uroflowmetry, cystometrogram (CMG), 
abdominal pressure monitoring, electromyography (EMG), 
and voiding pressure—flow studies. Simultaneous fluoro- 
scopic imaging of the entire urinary tract during urody- 
namics (i.e. videourodynamics) can be helpful in cases of 
known or suspected neurogenic voiding dysfunction. It 
is not unusual to repeat a study several times in order to 
fulfill the above goals. 


100 
Pyes 
cmH,0O 
0 
100 
Pabd 
cmH,0 
0 Figure 38.3 
00 Filling phase of a urodynamic study in a 
Py 68-year-old woman with urge incontinence 
e after cerebrovascular accident. Note the 
involuntary detrusor contractions (arrows). 
There is a rise in total bladder pressure (Pes) 
cmH20 and detrusor pressure (Pje), but no change 
0 in abdominal pressure (P.pq)- 
Cystometrogram 


The filling CMG is used to mimic the bladder’s filling and 
storage of urine while the pressure-volume relationship 
within the bladder is recorded. It is best to fill the bladder at 
a rate of 30 ml/min or less. In our experience, faster filling 
rates can exaggerate urodynamic observations. Important 
bladder parameters with respect to neurologic disease are 
bladder sensation, the presence of involuntary detrusor con- 
tractions (IDCs), compliance (storage pressures), and cysto- 
metric capacity. IDCs associated with neurologic disease are 
referred to as neurogenic detrusor overactivity according to 
the International Continence Society (Figure 38.3). The 
magnitude, or pressure, of IDCs is often determined by the 
amount of resistance provided by the bladder outlet. For 
example, in cases of high outlet resistance such as DESD or 
anatomic obstruction, detrusor pressure with IDC can be 
quite high, whereas in cases of low outlet resistance, the IDC 
pressure is often low with subsequent incontinence. 
Neurogenic detrusor overactivity is caused by lesions above 
the sacral micturition center, including the spinal cord and 
brain. Simply stated, the inhibition of the spinal micturition 
reflex from suprapontine centers is blocked. 

There are several very important points regarding 
involuntary contractions: 


1. The clinician must be absolutely sure that the contrac- 
tion is indeed involuntary. Sometimes a patient may 
become confused during the study and actually void as 
soon as he feels the desire. 
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2. It is extremely important to determine whether or not 
a patient’s symptoms are reproduced during the invol- 
untary contraction. However, in cases of neurologic 
disease, IDCs can occur with symptoms and should not 
be discounted. 

3. The volume at which contractions occur and the pres- 
sure of the contractions should be recorded. 

4. It is often worthwhile to repeat the CMG at a slower 
filling rate if the patient experiences uncharacteristic 
symptoms (e.g. incontinence or spasms) or detrusor 
activity. 

5. Ifthe patient experiences incontinence during an invol- 
untary contraction (urge incontinence), this should be 
noted. Sometimes the involuntary contraction will 
bring on involuntary voiding to completion (precipi- 
tant micturition).° 


Compliance is defined as the change of volume for a 
change in detrusor pressure and is calculated by dividing 
the volume change (AV) by the change in detrusor pres- 
sure (AP4e) during that change in bladder volume. It is 
expressed in milliliters per centimeter H,O (ml/cmH,0O). 
The spherical shape of the bladder as well as the visco- 
elastic properties of its components contribute to its 
excellent compliance, allowing storage of progressive 
volumes of urine at low pressure. When the pressure 
begins to rise with increasing volumes, compliance is 
decreased or ‘impaired’. Impaired compliance is not 
uncommon in neurogenic voiding dysfunction and is 


100 Figure 38.4 
Impaired compliance in a 35-year-old male 

Paet with a T8 spinal cord injury. Note that there 
is an initial rise in both total vesical 
pressure (P,e) and abdominal pressure 
(Paba), but the P,e and, thus, the detrusor 
pressure (Pye) continue to rise to pressures 
0 exceeding 40 cmH,0. 


potentially hazardous. The degree of impaired compli- 
ance in neurogenic voiding dysfunction is often depen- 
dent on outlet resistance. However, poor compliance 
can also occur with chronically catheterized bladders. 
Impaired compliance leads to high bladder storage pres- 
sures. The calculated value of compliance is probably less 
important than the actual bladder pressure during fill- 
ing. This is because the compliance value can change, 
depending on the volume over which it is calculated. 
This is probably why compliance, despite being a well- 
known and accepted parameter, is rarely reported in 
terms of a discrete or well-defined value in the urologic 
literature. 

Normal compliance has been difficult to establish. 
Toppercer and Tetreault evaluated a group of normal 
asymptomatic women and women with stress inconti- 
nence and found mean compliance to be 55.71 + 27.37." If 
two standard deviations are used, normal would be 
between 1 and 110 ml/cmH,O. When compliance is calcu- 
lated as a single point on the pressure-volume curve it 
becomes a ‘static’ property. Gilmour et al point out that 
this oversimplifies the concept of compliance and may lead 
to potentially erroneous conclusions.'! For example, an 
abrupt and potentially dangerous rise in pressure may 
occur as compliance rapidly decreases. However, the value 
for compliance will be very different, depending on 
whether it is calculated over the entire filling volume or 
over the volume in which the change in pressure actually 
occurred. 
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McGuire and associates have shown that sustained pres- 
sures of 40 cmH,O or greater during storage can lead to 
upper tract damage.’” Storage pressures in this range are 
dangerous, regardless of the volume in the bladder or cal- 
culated compliance value (Figure 38.4). In poorly compli- 
ant bladders in children, Gilmour et al have suggested 
determining compliance between initial filling and the 
point at which detrusor pressure exceeds 35 cmH,0.'! 
More recently, these investigators have applied the concept 
of dynamic compliance and argue that the amount of time 
spent with bladder compliance less than 10 ml/cmH,O (an 
empirically derived value) will strongly influence upper 
tract deterioration.” 

We would certainly agree that prolonged high-pressure 
storage is an ominous urodynamic finding, independent of 
any discrete value of compliance. One must remember that 
compliance may be dependent on filling rate during a 
urodynamic study; overly rapid filling rates may produce 
erroneously lower compliance values. Lastly, neurogenic 
detrusor overactivity can mimic impaired compliance. Two 
methods of differentiating these two entities are (1) stop- 
ping the infusion rate and, if necessary, (2) having the 
patient perform a sustained Kegel maneuver to suppress 
possible involuntary contractions. Involuntary detrusor 
contractions can also occur in the face of impaired compli- 
ance (Figure 38.5). 


Storage parameters — 
leak-point pressures 


During the filling portion of the CMG, urinary storage can 
also be assessed. Assessment of storage is important 
because patients with neurogenic bladders often have 
issues pertaining to urinary incontinence and/or storage 


100 Pres 
Figure 38.5 
0 cmH,0 Involuntary detrusor contractions occurring 
100 in the face of impaired compliance ina 
Pabd teenage girl with myelomeningocele. The 
left arrow indicates where detrusor pressure 
cmH,O equals and then exceeds 40 cmH,0. 
0 The right arrow indicates where leakage 
Piet occurs — at a bladder leak point pressure 
of 53 cmH,0. Pes, total vesical pressure; 
: cmH,O Pae detrusor pressure; Papa, abdominal 


pressure. 


pressures. Urinary leakage can be secondary to a bladder 
dysfunction (neurogenic detrusor overactivity or impaired 
compliance) and/or a sphincteric dysfunction (e.g. intrin- 
sic sphincter deficiency). The bladder, or detrusor, leak- 
point pressure (DLPP) test measures the detrusor pressure 
required to cause urinary incontinence in the absence of 
increased abdominal pressure. The DLPP is a direct reflec- 
tion of the amount of resistance provided by the external 
sphincter. The higher the bladder outlet resistance (e.g. as 
in detrusor-sphincter dyssynergia), the higher the DLPP. 
High storage pressures and high DLPP are potentially dan- 
gerous to upper urinary tracts (Figure 38.5). Knowledge of 
the DLPP is useful because it allows the clinician to deter- 
mine the volume at which detrusor pressure reaches 
dangerous levels. 

Urinary leakage secondary to sphincteric dysfunction 
can be measured by the Valsalva or abdominal leak-point 
pressure (ALPP).®'* The ALPP is an indirect measure of 
the ability of the urethra to resist changes in abdominal 
pressure as an expulsive force.’ Clinically, it is used to 
determine the presence of stress urinary incontinence and 
the degree of sphincter incompetence (Figure 38.6). 
Normally, there is no physiologic abdominal pressure that 
should cause incontinence, and therefore there is no ‘nor- 
mal ALPP’. Unlike the DLPP, an elevated ALPP does not 
indicate potential danger to the kidneys. 


Voiding phase 


As important as filling and storage is the voiding or emp- 
tying phase, known as micturition. Prior to urodynamic 
assessment, one must determine how the patient voids. If 
voiding is voluntary, the strength and duration of the 
detrusor contraction is assessed. Detrusor contractility 
may be impaired in particular types of neurologic disease, 
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particularly with lower motor neuron or denervating 
lesions. This can cause impaired contractility or areflexia. 
Aside from detrusor contraction, outlet resistance can be 
measured while voiding. Although the most common 
cause of outlet resistance in neurogenic voiding dysfunc- 
tion is DESD, bladder outlet obstruction can occur any- 
where distal to the bladder. Several nomograms and 
formulas exist to categorize pressure—flow relationships in 
terms of nonobstructed, obstructed, or equivocal.!® It is 


Urodynamic tracing of an 18-year-old 
woman with frequency, urgency, and urge 
incontinence who was diagnosed with a 
tethered cord. Note the involuntary detrusor 
contraction (IDC, arrow) associated with 
high-volume urine loss as registered in the 
flow meter. There is increased sphincter 
activity, as demonstrated by increased 
electromyograph (EMG) activity consistent 
with detrusor-external sphincter dyssynergia 
(DESD). On the second fill there is again an 
IDC, but this time the patient is instructed to 
void (double void). Note that there is 
increased EMG activity throughout the IC 
and ‘voluntary void’. Detrusor pressures with 
IDCs are quite high because of the resistance 
of the contracting striated sphincter. Pyes, 
total vesical pressure; Pye, detrusor 
pressure; Paba, abdominal pressure. 


important to note that interpretation of bladder outlet 
obstruction during urodynamics should be performed at 
the point at which the patient was actually given permis- 
sion to void. If the patient has an involuntary bladder 
contraction and empties the bladder prematurely, this 
pressure—flow relationship should not be misinterpreted as 
being equivalent to normal physiologic voiding. 
Electromyography during urodynamics permits the 
urologist to evaluate the striated sphincter function during 
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micturition. Often, surface patch electrodes are used, but 
needle electrodes permit more accurate placement and 
more accurate recording. Normally, voluntary voiding is 
preceded by a complete relaxation of the striated sphincter. 
DESD refers to obstruction to the outflow of urine during 
bladder contraction caused by involuntary contraction of 
the striated sphincter during an IDC.*!” It is secondary to 
a neurologic lesion and is not associated with a learned 
voiding dysfunction such as dysfunctional voiding. DESD 
results in a functional obstruction that usually affects emp- 
tying, and ultimately leads to high storage pressures sec- 
ondary to impaired compliance and incomplete emptying. 
True DESD is seen in patients with suprasacral spinal 
lesions (Figure 38.7). Depending on the level of the lesion, 
patients also may develop detrusor-internal sphincter 
dyssynergia. In such cases the bladder fails to open appro- 
priately with a bladder contraction due to autonomic 
dysfunction. It typically occurs in lesions above T10. 
Detrusor-internal sphincter dyssynergia is best diagnosed 
by videourodynamics (Figure 38.8). 


Videourodynamics 


Videourodynamics, or simultaneous fluoroscopic monitor- 
ing of the urinary tract during urodynamics, is the 
most comprehensive and accurate way of assessing neuro- 
genic lower urinary tract dysfunction (Figures 38.8 and 
38.9). During the evaluation of filling and storage, 


Figure 38.8 

100 Detrusor-external sphincter 
dyssynergia (DESD) and detrusor- 
internal sphincter dyssynergia in a 
35-year-old male with a high cervical 
spinal cord injury. There are two IDCs 
with associated increased 
electromyograph (EMG) activity 
consistent with DESD. However, the 
fluoroscopic picture taken at the time 
F100 of the second IDC shows an 

Piet incompletely opened bladder neck 
consistent with detrusor-internal 
sphincter dyssynergia. This patient 
underwent a striated sphincterotomy 
600 as well as a bladder neck incision to 

EMG facilitate emptying and lower 
0 pressures. P,e, total vesical pressure; 
Pae detrusor pressure; Paba; 
—600 abdominal pressure. 


videourodynamics allows for the determination of vesico- 
ureteral reflux and the pressure at which this occurs. 
Moreover, assessment of the DLPP or ALPP is facilitated as 
fluoroscopy is often more sensitive than direct observation 
in determining urinary leakage. Videourodynamics also 
permits the radiographic evaluation of the bladder neck 
during filling and anatomic abnormalities such as bladder 
and urethral diverticula and fistula. During the voiding 
phase, fluoroscopy permits an accurate determination of 
the site of obstruction when high-pressure/low-flow states 
exist. Videourodynamics also provides an excellent way 
of evaluating sphincter behavior during voiding, especially 
in cases where EMG tracing is imperfect or equivocal. 
Videourodynamics is the definitive test to determine the 
presence of detrusor-internal sphincter dyssynergia by the 
lack of opening of the bladder neck on fluoroscopy during 
a detrusor contraction. Using fluoroscopy with EMG can 
help make the diagnosis of detrusor-internal and detrusor- 
external sphincter dyssynergia.”* 


Conclusion 


In patients with known neurologic disease, careful urody- 
namic evaluation may be necessary to gauge any deleteri- 
ous effect on the urinary tract, to determine the etiology of 
LUT symptoms, and to screen for any urologic risk factors. 
Often times, urodynamics is necessary for the asympto- 
matic patient because the effects of the disease on the 
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(a) Left reflux DLPP 


Left reflux 


DLPP 


urinary tract can be ‘silent’. Patients without a history of 
neurologic disease whose urologic evaluation is suspicious 
for neurogenic LUT dysfunction should be evaluated for 
occult neurologic disease. 
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Advanced urodynamics 


Derek J Griffiths 


Introduction: the variability 
of urodynamic measurements 


Urodynamics is the study of lower urinary tract (LUT) 
function by any appropriate method.' Its purpose as usu- 
ally stated is to reproduce LUT symptoms under controlled 
and measurable conditions so that their causes can be 
identified. In practice, however, there are only weak corre- 
lations between symptoms and urodynamic findings.’ The 
reasons for this weak association include the intrinsic 
variability of urodynamic parameters,’ not only from one 
subject to another but also within a single subject. 

Since urodynamics is the study of urinary tract function, 
and since even carefully measured urodynamic parameters 
are variable, then the function of the LUT must be intrin- 
sically variable. The origin, meaning, and control of this 
variability are the main focus of this chapter. One obvious 
inference is that the lower urinary tract is not — as might be 
naively assumed — a mechanical system with fixed biome- 
chanical parameters that can be measured unambiguously. 
The variability of urodynamic parameters such as cysto- 
metric bladder capacity should not be considered an 
annoying artifact or a disadvantage of clinical urodynam- 
ics. On the contrary, it contains information about the 
working of the lower urinary tract and its control system. 

There are many examples of urodynamic variability. At 
the 2005 ICS annual meeting, for example, it was reported? 
that voiding intervals and warning times measured during 
ambulatory urodynamics are not reproducible markers of 
treatment outcome. Thus even ambulatory urodynamics, 
believed by its proponents to be the gold standard of uro- 
dynamic measurement, is variable. A key urodynamic find- 
ing is the observation of detrusor overactivity (DO), 
believed to underlie the symptoms of the overactive blad- 
der complex. Yet DO is intrinsically variable; Figure 39.1 
indicates, for men with lower urinary tract symptoms 
(LUTS), how the proportion that shows DO diminishes in 
each repeated urodynamic study, implying that there is 
not just random variability but that the probability of 


Spinal cord injury 


r 


Number of detrusor contractions 


1st study 2nd study 3rd study 
Œ LUTS Œ Spinal cord injury 


Figure 39.1 

For men presenting with lower urinary tract symptoms (LUTS) 
but no overt neurologic defect, the proportion showing detrusor 
overactivity falls in each successive urodynamic study (yellow 
bars). For spinal cord injured patients the proportion is higher 
and remains almost unchanged in successive studies (blue bars). 
Data from reference 4. 


manifesting DO diminishes systematically, by almost 50% 
from the first to the third study.* Other studies of DO in 
children and adults have shown similar behavior.” The 
bladder volumes corresponding to given sensations (e.g. 
normal desire to void) show similar systematic changes 
(increases) from one test to the next, by 30-50 cmH,O, as 
well as random intrasubject variations that are even 
greater.” This type of within-subject variability leads to dif- 
ferences between measurements in different subjects, and 
ultimately to differences between results obtained in differ- 
ent centers. For example, the average bladder volume at 
first sensation of filling in healthy subjects in one center 
(350 ml)° is greater than the volume at strong desire to void 
(294 ml) in another.’ 
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To understand the origin of the variability it helps to 
remember the function of the LUT. There are two phases, 
storage and voiding of urine. The system is in the storage 
phase for the majority of the time, but urination is 
periodically necessary to maintain homeostasis. It must 
occur, and yet has to be accommodated to the social and 
emotional life of the individual, the more so because 
urination is not just elimination of waste. Urination has 
sexual and social aspects, such as marking of territory 
and establishing dominance, which are prominent in 
other mammals and present even in humans.*” For this 
reason, urination is bound up with the emotions. It is 
the link between LUT behavior and emotion that 
makes urodynamics difficult to carry out in such a way 
that it mimics daily life. The accommodation of LUT 
behavior to other aspects of life implies that LUT behav- 
ior, and therefore urodynamics, must be intrinsically 
variable. 

Accordingly the bladder control system is set up so as to 
ensure that voiding indeed occurs, but not automatically. 
Bladder filling generates a series of increasingly unpleasant 
but normal sensations (first sensation of filling, first desire 
to void, strong desire to void),' which drive the individual 
to empty the bladder (so maintaining homeostasis’) but 
do not normally trigger voiding. The time and place of 
voiding are normally under voluntary control, meaning 
that the moment of voiding can be postponed or advanced 
within certain limits. Thus the purpose of voluntary con- 
trol is to take advantage of intrinsic variability, which 
depends on the circumstances and associated emotions of 
the individual, and may be influenced by memories of past 
bladder experiences, good or bad. 

It would be expected that variability of this sort should 
originate where the emotions, memory, and voluntary con- 
trol are situated — in the brain. In fact there is urodynamic 
evidence that this is so. The variability of urodynamic find- 
ings among patients with spinal cord injury is less pro- 
nounced than among subjects with an intact nervous 
system. Figure 39.1, for example, shows that in spinal cord 
injury patients the probability of observing DO in succes- 
sive cystometries does not decrease with repetition,’ as it 
does in patients with intact CNS. The inference is that the 
systematic decrease seen in LUTS patients (Figure 39.1) 
is not generated peripherally by accommodation of the 
bladder itself to repeated filling, but represents gradual 
habituation of the supraspinal bladder control system 
to the unusual or even frightening circumstances of a 
urodynamic test. 

Thus the variability that affects even the best urody- 
namic measurements is not an artifact that should be elim- 
inated. Just as heart rate variability is a sign that the cardiac 
control system is working, so variability of the storage/ 
voiding cycle is a sign that CNS control of the bladder 
is operating as it should. Indeed, heart rate variability is 
governed by part of the brain — the anterior cingulate 


gyrus'! — which is also closely involved in bladder control, 
as we shall see below. 

From a practical point of view, variability of bladder 
storage/voiding function is harder to study than heart rate 
variability because the bladder operates several thousand 
times more slowly than the heart. Bladder function vari- 
ability is governed, however, by the control system, and so 
a possible approach is to investigate the mechanisms of 
control, and classify their abnormalities, expecting that this 
will lead to new diagnoses and ultimately to new treat- 
ments. We thus need to consider the neural control of the 
LUT, and the role of voluntary control, as well as how these 
might be measured. 


Control system 


Figure 39.2 is a sketch of the subcortical control system, 
based primarily on a long series of observations in the 
cat.'2-'4 In the storage phase the bladder (detrusor) is 
relaxed and the striated urethral sphincter contracts toni- 
cally under the influence of discharges from the sacral 
nucleus of Onuf. The urethral contraction is maintained by 
a sacral reflex," although the pontine L-region, postulated 
to be a continence center, may also be involved.'® As the 
bladder fills, afferent signals to the sacral cord increase in 
intensity. Secondary afferents ascend through the spinal 
cord and synapse in the midbrain periaqueductal gray 
(PAG). If there were no voluntary control and the system 
were automatic, the voiding reflex would be expected to 
work as follows. When the afferent signals reaching the 
PAG became strong enough to reach a threshold level, they 
would trigger efferents to the pontine micturition center 
(PMC). Excitation of the PMC would initiate descending 
efferent output to the sacral cord where it would both 
excite detrusor contraction and, via an inhibitory inter- 
neuron,'* produce urethral relaxation, so that voiding 
occurred. The timing of this process is such that urethral 
relaxation precedes detrusor contraction by about 2 s, just 
as in normal voiding.” Because it involves both the periph- 
eral organs and the pons and midbrain, this is often called 
the long-loop voiding reflex. 

The process just described would lead to automatic 
voiding — incontinence. Normally, therefore, a more com- 
plicated process must occur. During urine storage the PMC 
(and thus the voiding reflex) is believed to be tonically 
inhibited by the higher parts of the brain (Figure 39.2).1 18 
Afferents synapsing in the PAG do not trigger voiding but 
lead first to sensation. When sensation is felt, a decision has 
to be made whether to void or not. Most often it will be not 
to void, but when time and place are right the voluntary 
decision to void may be taken. In that case a motor output 
signal is sent to the PAG, inhibition of the PMC is tem- 
porarily interrupted, and the voiding reflex is then trig- 
gered just as in the automatic case. For continence, the 
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Figure 39.2 

The long-loop voiding reflex that forms the basic subcortical 
neural control system. In the storage phase the striated 
urethral sphincter contracts tonically under the influence of 
discharges from the nucleus of Onuf, possibly reinforced by 
the pontine L-region (dotted pathway). The PAG is tonically 
inhibited by higher brain regions, preventing excitation of the 
PMC. As the bladder fills, increasing afferent signals ascend 
via the green pathway to the PAG. If a threshold is exceeded 
(or if inhibition by higher regions is interrupted), the PAG is 
triggered and excites the PMC, which in turn excites sacral 
parasympathetic neurons and the detrusor muscle itself 
(blue pathway). Just prior to detectable bladder contraction, 
the urethral sphincter relaxes under input from inhibitory 
interneurons at sacral level (gold pathway), so that voiding 
can be accomplished. There is also direct input to the 

PMC from the emotional nervous system (the hypothalamus), 
which is probably inhibitory during the phase of urine 
storage. PAG, periaqueductal gray; PMC, pontine 

micturition center. 


essence of this process is the ability to make the decision to 
void or not, which clearly depends on more than just the 
afferent signals from the bladder. It has been suggested 
that, to void, a ‘safe’ signal to the PMC is required from the 
hypothalamus’? (see Figure 39.2). Urodynamicists and 
continence advisors know that circumstances such as the 
sight of one’s own front door or garage door, the sound of 
running water, or anxiety (e.g. before a difficult examina- 
tion) affect the decision to void. Such cortical and emo- 
tional factors, or factors related to the social interaction 
between urodynamicist and patient, are ignored in conven- 
tional urodynamic examination. They may even be har- 
nessed to work against the desired result, by preventing 
reproduction of the patient’s everyday circumstances and 
thus preventing the patient from revealing his or her usual 
symptomatic behavior. It is quite typical, for example, to 
examine female voiding in the standing position, because it 
is more convenient for making X-ray pictures. Yet to ask a 
woman to ‘please void normally’ in the standing position, 
exposed to view on a raised platform, surrounded by other 
people and strange apparatus, with catheters in the urethra 
and rectum, is obviously absurd. The difference between 
how they void under these circumstances and how they 
would void in their own homes is part of the variability we 
are investigating, and clearly it is due to cortical, emotional, 
and social influences. Variability in these factors leads to 
variable urodynamics. 

One solution to the problem would be to control such 
factors, but another would be to measure them and incor- 
porate them in urodynamic investigations. Since they 
involve cortical input and states of mind the obvious 
approach is to examine brain activity at the same time as a 
standard urodynamic investigation. That is, to expand 
what is measured in urodynamics to include the control 
system as well as the peripheral organs. In the past, clinical 
and neurophysiologic observations (see, for example, refer- 
ences 13,15, and 19-21) as well as low-resolution brain 
scanning by single photon emission computed tomogra- 
phy (SPECT),” have yielded considerable information 
about cerebral control, but brain imaging methods have 
recently been much improved. The first modern wave of 
bladder-related studies”? used positron emission tomog- 
raphy (PET) to examine brain responses to bladder events 
such as withholding urine or voiding. PET is invasive (it 
requires injection of a radioactive substance), and rather 
slow — changes can be measured over periods from a few 
minutes up to an hour or longer. A second wave of stud- 
ies?! has used functional magnetic resonance imaging 
(fMRI), which is noninvasive and less expensive. It can 
make measurements of whole-brain activity over periods 
as short as one or two seconds, so that in principle it can 
follow bladder events such as detrusor contraction. It has 
reasonably good spatial resolution also (about 3 mm). 
However, the {MRI signal is noisy and requires averaging of 
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frequently repeated measurements to obtain reliable 
results. It has an unstable baseline and cannot be used to 
reliably follow long-term changes (over more than a 
minute or two) without special measures. In addition, the 
measuring space contains a very strong magnetic field, 
unsuitable for conventional urodynamic equipment, so 
that special precautions have to be taken to make urody- 
namic measurements. (Many of the studies performed so 
far did not in fact perform simultaneous urodynamics.) 
Moreover, lying in a scanner with limited social or sensory 
input is far from the situation in daily life, which makes it 
difficult to study the bladder’s usual behavior. Finally, both 
PET and fMRI basically measure regional blood flow 
which, although related to neuronal activity, is unable to 
distinguish inhibitory from excitatory activity. 

In spite of these difficulties, progress has been made in 
understanding brain control of the bladder. At an anatomic 
level, studies based on different paradigms for influencing 
brain activity show activation clustering in certain brain 
regions, as shown in Figure 39.3a-—e. In reality, many other 
regions are also involved, but the principal observations 
can be broadly summarized in a simple model, shown in 
Figure 39.4. It includes the PAG, the PMC, the insula, the 
anterior cingulate gyrus, and the (pre)frontal cortex. The 
functional behavior of this anatomic system is not yet 
entirely clear, but hints provided by neuroanatomic and 
neurophysiologic observations, by clinical observations of 
incontinence in trauma and demented patients, and by 
knowledge of other organ systems, as well as by the PET 
and fMRI observations themselves, suggest a coherent, 
though still somewhat speculative account of how control 
is exercised over the bladder and urethra. 


Imaging the cerebral control 
of the LUT 


Useful reviews of this topic have been provided by one of 
the most active groups in the field.*?-** The very first PET 
studies of brain activity related to bladder events*** 
showed that two regions of the simple model shown in 
Figure 39.4 are closely involved in voluntary voiding — the 
PMC and the medial frontal or prefrontal cortex. When the 
decision to void was made and voluntary voiding was 
attempted, the PMC was activated in subjects who voided 
successfully (Figure 39.3e), but not in those who tried but 
failed to void. These observations support the concept that 
excitation of the long-loop voiding reflex (probably by 
removal of inhibition) is necessary for voiding. In addition, 
among subjects who were able to void in the scanner there 
was activation of the medial frontal lobe (Figure 39.3c), 
particularly on the right side, while in those who tried but 
failed to void the frontal-lobe activation was less intense 


and slightly shifted. It is tempting to relate medial frontal 
lobe activity to the voluntary decision to void, since execu- 
tive function is believed to be located in this area of the 
brain, while frontal-lobe lesions frequently lead to inconti- 
nence (inability to control voiding). 1! 

Much of the urodynamic variability that we are inter- 
ested in is related to the storage phase of LUT function. 
Storage occupies far more time than voiding, while func- 
tional disorders of storage are common and lead to a trou- 
blesome triad of overactive bladder symptoms — urgency, 
frequency, and urge incontinence. Measurements made 
during urine storage are probably more important for 
understanding loss of bladder control than those made 
during voiding. Figure 39.5 is an example of real fMRI 
measurements of brain responses to bladder infusion 
(filling). Some of the landmarks of the simple model are 
marked on it. Most responses are bilateral but there is 
slight evidence from this and other observations” that, 
during storage as during voiding, the right side of the brain 
is more strongly involved than the left. In interpreting 
maps like Figure 39.5, it is important to remember that the 
observed activity may be excitatory or inhibitory. PET 
observations have suggested that some regions display 
decreased activation when the bladder is full”* or when 
there is a strong desire to void,” suggesting inhibition. On 
general grounds, a complicated network like that control- 
ling the bladder is unlikely to operate in a stable manner 
unless many of its interconnections are inhibitory. Thus 
many of the responses shown in Figure 39.5 are likely to be 
inhibitory. 

Such measurements suggest the model of bladder con- 
trol described in the caption to Figure 39.4. After synapsing 
in the PAG, afferent signals pass on to the insula, where 
sensation is mapped. The anterior cingulate gyrus moni- 
tors the situation and controls the PMC via the PAG. When 
bladder sensation or social life demands it, the (pre) frontal 
cortex is accessed and the decision to void (or not) is taken. 
If voiding is desired, the tonic inhibition of the PMC is 
interrupted, perhaps by the anterior cingulate gyrus, and 
voiding occurs. The thalamus is probably an important 
relay station for communication among these various 
regions (see Figure 39.5). 

This picture is consistent with knowledge of other vis- 
ceral organ systems. Typically, visceral sensation is regis- 
tered in the insula, which can be interrogated to learn the 
internal condition of the body**** — in this case, the degree 
of bladder filling. It would thus be expected that normal 
bladder sensations such as desire to void would be mapped 
in the insula. Supporting this concept, insular responses to 
bladder filling become stronger as the bladder becomes 
more distended and sensation correspondingly stronger 
(Figure 39.6). With stronger sensation the peak insular 
response also seems to shift anteriorly, consistent with the 
general principle that unpleasant sensations are mapped 
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Figure 39.3 


Brain regions activated by different bladder paradigms, showing locations of peak activation (dots). More lateral activations (both right 
and left) are projected on the right lateral surface of standard MNI brain; more medial on a sagittal section. (a) Regions reported as 
insula, during storage or withholding of urine, form a cluster near the expected location. Red?** (included voiding, so storage phase 
difficult to interpret); blue” (included voiding); magenta;?’ dark green; black;?' yellow® (used SPECT, so poor spatial resolution). 

(b) Lateral frontal responses during storage, withholding, or bladder filling, cluster just anterior to the insula with a few responses in 
anterior and superior parts of the frontal cortex. Red?** (included voiding); blue” (included voiding); magenta;?8 cyan;*° green” yellow? 
(used SPECT, so poor spatial resolution); black;?' dark green” (response to chronic sacral nerve stimulation, intended to improve 
withholding). (c) Medial frontal activation during withholding or urine storage is reported infrequently. Dark green” (response to acute 
sacral nerve stimulation, intended to improve withholding); yellow (used SPECT, so poor spatial resolution); white?" (region with 
abnormally weak response to bladder filling in urge incontinence). (d) Regions reported as anterior cingulate gyrus (ACG) during storage or 
withholding form a trail from dorsal to ventral parts of this large region, suggesting that different paradigms activate different ACG 
areas, which are known to have different functions.*° Red? (regions with decreased response during withholding); green% (increased 
response with full bladder); dark green% (decreased response with increasing sensation); blue;?” white;?' yellow® (used SPECT, so poor spatial 
resolution). (e) Brainstem and midbrain region activations reported during storage and voiding seem to cluster in three regions 
corresponding to pontine micturition center (PMC), periaqueductal gray (PAG), and possibly the L-region (see Figure 39.2). The paradigms 
used to obtain these results were very varied. Red?” (PMC activated during voiding); blue” (PMC during voiding); white?’ (PAG and PMC 
during bladder filling); green% (PAG and possibly L-region response with increasing volume); magenta?’ (PAG during storage); dark green 
(PAG and possibly L-region during imagined urge to void); orange”? (possibly L-region with relaxation and contraction of pelvic floor as if 


inhibiting imaginary voiding). 


more anteriorly in the insula.'? Responses in other parts of 
the brain, for example the anterior cingulate gyrus, also 
increase to a moderate extent with increasing bladder fill- 
ing, but overall responses are quite similar at large and 
small volumes. The perifornical region of the hypothala- 
mus, one of the few parts of the brain with direct monosy- 
naptic connection to the PMC,” also responds strongly to 


Figure 39.4 

A simple working model of normal cortical control provides more 
detail about the ‘other brain regions’ shown in Figure 39.2. Among 
many regions involved, the five shown here seem to be important. 
The anatomy of the regions is well understood and some 
interconnections are reasonably well established, but their 
suggested functions are hypothetical. Afferents from the sacral 
cord synapse in the PAG, and are passed to the insula 
(predominantly on the right), where visceral sensations are 
mapped. The lateral parts of the prefrontal cortex are also 
involved. The ACG monitors the situation and sends regulatory 
signals (inhibitory during the storage phase) to the PAG and PMC. 
To initiate voluntary voiding the frontal cortex takes the decision, 
inhibition from the ACG is interrupted, the PMC (and therefore the 
long-loop reflex) is activated, and voiding takes place. PMC, 
pontine micturition centre; PAG, periaqueductal gray; RI, right 
insula; PFC, prefrontal cortex; ACG, anterior cingulate gyrus. 


bladder infusion (Figure 39.6c), suggesting that it may pro- 
vide direct inhibition of the PMC during storage. Removal 
of the inhibition would correspond to the ‘safe’ signal men- 
tioned above. Such a hypothalamic input to the PMC 
would also allow direct modulation of bladder behavior by 
the emotions, and would be one source of the observed 
urodynamic variability. 
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Figure 39.5 


T-values 


Brain responses to bladder filling measured by fMRI in a group of 6 normal females with a small volume in the bladder and mild 
bladder sensation. These are three sections through a 3-dimensional map showing the statistical significance of responses to repetitive 
infusion and withdrawal. The map is thresholded at a liberal significance level (p <0.05, uncorrected for multiple comparisons) in order 
not to miss any important regions. The three sections (sagittal, coronal, and axial) are made through the origin of standard MNI 
coordinates on the midline near the anterior commissure. Some landmarks of the simple model are marked. Although strongly 
activated, the PAG appears misplaced posteriorly. The midline region between the right and left insulae and rostral to the PAG is the 
thalamus, a relay station omitted from the simple model. PAG, periaqueductal gray. 


Another area of the brain, the lateral part of the frontal 
cortex close to the insula, also responds to bladder filling 
(Figures 39.3b and 39.6c),** but the medial part that is so 
important during voiding displays little observable activity 
during storage (Figure 39.3c). This suggests that bladder 
control during the storage phase is mainly exercised with- 
out intervention from the conscious decision-making parts 
of the frontal cortex, and indeed this must be so since 
otherwise much of one’s waking life would be devoted to 
making decisions about bladder control. 

The anterior cingulate gyrus is a large area believed to 
be responsible for monitoring of overall responses and for 
autonomic and emotional arousal.!'*?*? Exactly which 
part is activated seems to be strongly dependent on the 
paradigm used to elicit it (Figure 39.3d). In subjects with 


normal bladder control it is not very strongly activated 
at either smaller or larger bladder volumes, presumably 
because nothing threatens the normal inhibition of the 
voiding reflex. In subjects with urge incontinence, how- 
ever, even outside any episode of DO, part of the anterior 
cingulate gyrus responds very strongly to bladder filling 
when bladder sensation is already strong (Figure 39.7). 
This is accompanied by widespread and exaggerated acti- 
vation of other regions, apparently representing recruit- 
ment of accessory pathways (including regions omitted 
from the simple model) in an attempt to maintain bladder 
control by more strongly inhibiting the voiding reflex. 
This brain state, with the anterior cingulate gyrus on ‘red 
alert’ and many pathways recruited, occurs prior to 
any manifestation of actual DO, and may represent 
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RI/PFC 


the sensation of urgency, which has otherwise proved 
difficult to define.!*! There is some suggestion (requiring 
confirmation*®) that, if DO occurs, anterior cingulate 
gyrus and accompanying activations decrease somewhat, 
suggesting that it is failure to maintain adequate inhibition 
that allows DO to develop. 

Thus brain responses to bladder filling are abnormal in 
urge-incontinent individuals, even when there is no overt 
DO, and they appear to represent urgency. These abnormal 
responses, however, seem to be a reaction to threatened loss 
of bladder control; they do not indicate why control might 
be precarious in the first place. Some observations in urge- 
incontinent subjects suggest that, prior to any urgency, 
insular response to bladder filling may be weaker than nor- 
mal.*! This result — unexpected because it is generally 
believed that sensation is stronger in urge incontinence — 
may indicate that the brain is paying insufficient attention 
to afferent (sensory) feedback about the state of the 
bladder. Without adequate feedback the operation of any 
control system is inevitably compromised.**” 

Consistent with this postulate that inadequate afferent 
feedback and/or reduced sensation play a causal role in urge 
incontinence, insular responses?’ and the corresponding 


Figure 39.6 

Responses to repetitive infusion/withdrawal in normal females 
(p <0.01, uncorrected). (a) With small bladder volumes and mild 
sensation, there is modest right insular activation; (b) with large 
bladder volumes and strong sensation the right insula is not 
only more strongly activated but appears to extend further 
anteriorly (white arrow); (c) a more caudal axial section shows 
strong activation of the putative perifornical region of the 
hypothalamus (H) with large bladder volume and strong 
sensation. 


clinically measured bladder sensations**? both become 
weaker in elderly people with normal bladder control. 
Declining feedback may make them gradually more sus- 
ceptible to development of the urge incontinence that 
becomes so common and troublesome in later life. 
Similarly, early observations in frail elderly people showed 
that poor bladder control was often accompanied by 
reduced sensation of bladder filling, which led to severe 
urge incontinence.” There was evidence also that this type 
of incontinence was associated with brain disease, because 
it was often accompanied by cognitive impairment and 
reduced frontal cortical perfusion (measured by SPECT).” 
Even in relatively young urge-incontinent subjects there is 
some fMRI evidence for an abnormally weak response to 
bladder filling in the inferior part of the prefrontal cortex 
(the orbitofrontal cortex) (Figure 39.8),*! suggesting that a 
defect in the capability to make decisions about voiding 
might be causally related to the incontinence. Although 
superficially attractive, this postulate has to contend with 
the observation that frontal-lobe responses to bladder fill- 
ing are normally quite weak in any case, probably because 
(as suggested above) only the decision to void is taken 
there, and not the decision not to void. 
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Advanced urodynamics: the 
current position 


It seems that we stand on the brink of a new understand- 
ing of how the LUT is controlled by the brain, and how 
changes in the cerebral control system influence bladder 
behavior and contribute to the measurement variability 
which has plagued the field of urodynamics for so long. We 
shall come to view this variability as a normal consequence 
of changes in the emotional state of the patient, as influ- 
enced by cortical input, social interaction with the staff, 
and memory of previous bladder-related events. Even 
without brain scanning or other high-tech methods, we 
may be able deliberately to alter this emotional state, by 
changing the circumstances of our examinations (for 
example by playing standardized videos during urody- 
namic testing), so as to observe and interpret the resulting 
variability of LUT behavior. We shall probably conclude 
that much variability is normal, and that lack of variability 
is a marker of abnormal (inadequate) cerebral control. 

At present however, advanced urodynamics is still a 
research topic. The anatomic outlines of the brain/bladder 


Figure 39.7 

In female subjects with urge 
incontinence the anterior 
cingulate gyrus (ACG) responds 
very strongly to bladder filling 
when the bladder is full and 
sensation is strong (probably 
representing urgency but 
without concurrent detrusor 
overactivity). Other sections 
(not shown) reveal widespread 
and exaggerated activity in 
many brain regions. 


control system are fairly clear, but how it operates is still a 
topic of very active research. We are able to make observa- 
tions in small groups of subjects, but observations in 
individual subjects are not yet reliable enough to be of 
diagnostic value. Nor are the conditions under which brain 
scanning is performed at all ideal: they are far from daily 
life and this must influence the observations, just as it 
influences conventional urodynamics. Thus improvements 
in technique are required before functional brain scanning 
can become clinically useful. 

The observations made so far suggest that in the future 
we shall be able to recognize the patterns of brain activity 
corresponding to various bladder sensations. In fact, func- 
tional brain scanning will almost certainly lead to a new 
classification of bladder sensation, allowing us for the first 
time to properly distinguish normal sensations of desire to 
void from other sensations such as urgency, and both of 
these from the various bladder pain syndromes! and from 
bladder-related anxiety. These distinctions will be of great 
value in a field where reliable diagnoses have until now 
been elusive. 

The pattern of brain activity that corresponds to 
urgency seems to be a reaction to poor bladder control 
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rather than a cause, leaving open the possibility that there 
are many potential causal factors in urge incontinence and 
‘idiopathic’ detrusor overactivity; separately or in combi- 
nation they all lead to a similar reaction — urgency — that is 
the key characteristic of the overactive bladder syndrome. 
‘Advanced’ urodynamics has so far not clearly identified 
any of these potential causes in the brain, but there are 
hints that reduced bladder afferents (or insufficient atten- 
tion to these afferents) or reduced frontal cortical function 
may play a causal role in some subtypes of urge inconti- 
nence. Clearly a rich field of research is about to open up, 
with enormous promise of more accurate diagnoses and 
ultimately better treatment of the common and trouble- 
some disorders of LUT control. 
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Normal urodynamic parameters in children 


Diego Barriéras and Steven P Lapointe 


Introduction 


Urodynamic examination yields invaluable information 
about lower urinary tract function in infants and children. 
First developed in adults, the techniques have been used 
in children extensively, using the same terminology and 
definitions as in adult urodynamics. The computers and 
devices used for evaluation of lower urinary tract function 
in children are similar to those in adults, with appropriate 
catheter sizes according to age and urethral caliber. Litvak 
et al! published a large series of urethral calibrations that 
gives an excellent range of appropriate catheter size to use 
in boys, measured in French (Table 40.1). Immergut et al? 
measured urethral size at different ages in girls (Table 
40.2). Also, the urodynamic units may be adapted to incor- 
porate special software designed to facilitate biofeedback 
training in children. Most importantly, these types of 
investigation are best performed by physicians, nurses, or 
physical therapists who are specialized in the care of chil- 
dren. The urodynamic team has to handle the child with 


care and patience, keeping a playful mood, distracting the 
child’s attention from the surrounding environment, and 
following the pace set by the child to alleviate the pressure 
of performance, so reducing apprehension. This ensures 
that the results obtained are reliable and minimally influ- 
enced by the effect of the immediate environment on the 
child. A center dedicated to children’s care can accomplish 
this more easily, but with appropriate attention to these 
differences, children can be accommodated in an adult- 
oriented facility. In this chapter we will cover the normal 
urodynamic evaluation of children. 


Before the urodynamic 
evaluation 


When evaluating a child with suspected lower urinary tract 
dysfunction, a detailed history should be obtained. The 
past medical history, especially previous urinary tract 


Calibre of the urethral meatus in boys, according to age 


Age (years) Size (French) n(%) Size (French) n(%) 
<l 6 22/160 (14) 10 138/160 (86) 
1 6 10/63 (14) 10 53/63 (86) 
2 6 17/109 (16) i2 92/109 (84) 
3 6 13/93 (14) 12 80/93 (86) 
4 8 13/83 (8) 12 70/83 (84) 
5 8 10/111 (9) 12 92/111 (83) 
6 8 8/87 (9) 12 61/87 (82) 
y 8 4/56 (9) 12 43/56 (77) 
8 8 5/61 (8) i2 41/61 (67) 
9 8 4/60 (7) 12 40/60 (67) 
10 8 3/50 (6) 12 37/50 (74) 
11 8-10 2/45 (4) 14 36/45 (80) 
I? 8-10 2/40 (5) 14 28/40 (69) 
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Urethral calibre in girls, according to age 


Age Mean size 


Advantages and disadvantages of uroflowmetry 
in children 


(years) Patients (n) (French) Advantages Disadvantages 

=) 15 14 Simple to perform Not etiologic 
18 15 Simple equipment Less reproducible than in adults 
23 15 Noninvasive Children need to be toilet trained 
25 16 Physiologic 

10 16 19 Can be repeated 

12 6 21 Low cost 

14 7 25 

16 9 25 

18-20 6 26 


surgery or disease, and neurologic status are relevant. The 
present medical history should include details about uri- 
nary tract infection, trauma, voiding pattern, incontinence, 
urgency, frequency, and urinary stream appearance. Bowel 
habits should be noted. To complete the history, we have 
found that recording a voiding diary and a stool diary gives 
objective data that, coupled with the history, will allow 
better clarification of the lower urinary tract dysfunction. 
These diaries can be repeated in the follow-up to monitor 
improvement, and this also involves the child and his 
parents. Physical exam should include abdominal, geni- 
talia, and lumbosacral spine exam, and a brief neurologic 
exam of the lower limbs. This complete evaluation will 
facilitate the choice of the appropriate urodynamic exam. 
In pediatrics, uroflowmetry with or without electromyog- 
raphy (EMG) of the pelvic floor is the most frequent exam 
used. A full urodynamic evaluation is done in specific situ- 
ations. The next part of the chapter will cover uroflowme- 
try with EMG and residual volume measurement. The last 
part of the chapter will cover full urodynamic evaluation in 
children. 


Uroflowmetry with EMG and 
postvoid residual volume 


Because of the invasive and stressful nature of a complete 
urodynamics exam in children, uroflowmetry with EMG 
using surface electrodes should be performed as an initial 
investigation of lower urinary tract dysfunction, except for 
children who present with diagnosed conditions such as 
spinal dysraphism or posterior valves and imperforate 
anus. Uroflowmetry has been popularized as a study of 
lower urinary tract obstruction, mainly for benign prosta- 
tic hyperplasia.** Although the firsts reports on the use of 


uroflowmetry in children date back to the 1950s,° it had 
become a widespread tool by the 1980s.°° Williot et al 
coupled measurement of uroflowmetry to postvoid resid- 
ual volume assessment using biplanar ultrasound.’ They 
stated that the combination of dynamic flow analysis and 
accurate bladder residual volume assessment proved to be 
a simple yet comprehensive appraisal of the physiology of 
the lower urinary tract. Residual volume measurement 
can also be accomplished with urethral catheterization, 
although this would negate the noninvasive nature of 
uroflowmetry with EMG and residual volume assessment. 
These studies have several advantages that make them 
almost ideal for the pediatric population (Table 40.3). They 
are noninvasive, physiologic, and can be repeated as 
frequently as necessary. 

In 1981 Barrett and Wein! advocated EMG of the pelvic 
floor to determine proper relaxation of the pelvic floor 
muscles before and during the voiding phase of the 
uroflowmetry. Since then, this study has gained widespread 
use and is most often done using surface electrodes as 
opposed to needle electrodes, which are rarely used in 
pediatrics due to their invasive nature. Although the 
recording is not as precise with surface electrodes, it 
provides valuable information about pelvic floor activity. 
The relationship between uroflowmetry and pelvic floor 
activity can indicate the etiology of dysfunctional voiding 
illustrated by bladder sphincter dysynergia. 


Indication for 
uroflowmetry/EMG/postvoid 
residual volume 


Uroflowmetry has multiple applications in children of 
both sexes. It can be used in any clinical situation with sus- 
pected lower urinary tract dysfunction, even though it is 
not a highly specific diagnostic tool.'! It has semiologic 
value and gives important information as a screening 
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Indications for uroflowmetry and EMG in 
children 


e Urgency, frequency syndrome 

e Urinary tract infection 

e Incontinence (except isolated night-time incontinence) 

e Dysfunctional voiding syndrome 

e Non-neurogenic neurogenic bladder (Hinman/Allen 
syndrome) 

e Vesicoureteric reflux before and after surgical correction 

e Neurogenic bladder 

e Infravesical obstruction (urethral valves, urethral or meatal 
stenosis) 

e Follow-up in hypospadias surgery and other urethral 
reconstruction 


e Biofeedback method for bladder retraining (coupled with 
EMG) 


method, helping diagnosis and/or leading to more elabo- 
rate testing (full urodynamics), particularly in evaluating 
voiding dysfunction and urinary tract infection. The stud- 
ies can be used as a follow-up tool to assess the result of 
surgical treatment, especially after hypospadias repair and 
other urethral surgeries (epispadias, urethral stenosis, etc.), 
or in long-term follow-up of posterior urethral valve 
surgery. It is also very useful in following medical treat- 
ment, especially in bladder retraining for dysfunctional 
voiding and non-neurogenic neurogenic bladder.'”'? In 
comparing multiple studies in the same patient, it is 
important to recognize that uroflowmetry in children is 
not as reproducible as in adults.''!? Consequently, the 
trend analysis of multiple studies has more value. 

Current indications for performing uroflowmetry and 
EMG are listed in Table 40.4. 


Normal uroflowmetry and 
EMG 


The combination of uroflowmetry and residual volume 
with pelvic floor EMG estimate gives rise to a number of 
parameters, as is the case in adults. Figure 40.1 is a 
schematic representation of normal uroflowmetry, with 
the different variables identified. In Figure 40.2, normal 
uroflowmetry with EMG and residual volume assessment 
is presented. This recording of a 6-year-old child, shows the 
almost bell-shaped curve with a 23 ml/s maximal flow rate, 
the pelvic floor relaxation just before the flow recording, 
and its contraction at the end of voiding. A more detailed 
interpretation of the test is discussed later. Normal values 
for uroflowmetry are given in Table 40.5. 


Flow (m/s) A 


Max flow 


Ave flow 


Time to max flow 


Flow time 


Figure 40.1 
Normal uroflowmetry parameters. 


Q max (ml/s) 


fsowemotrie e 


Pelvic floor relaxation (EMG) 


Figure 40.2 


Uroflowmetry combined with pelvic floor EMG in a normal child. 


Technical aspects and pitfalls 


To obtain optimal results from uroflowmetry, the voiding 
condition should be as close to normal as possible. This is 
true in adults and even more important in children.”’ 
Children, especially under the age of 6, differ from older 
children and adults in the sense that they are usually less 
motivated, less patient, more apprehensive, and have 
limited understanding of what is going to happen.’ The 
postvoid residual volume can be determined by ultrasound 
using a model that considers the bladder to be a rectangular 
box. This equipment is readily available and cost-effective. 
Using a sagittal and a transverse view, two measures of blad- 
der diameter are taken, and from these the volume in milli- 
liters is generated. This technique is simple, noninvasive (vs 
catheterization), accurate, and reproducible.'? It should 
be noted that it has a slight tendency to overestimate the 
residual volume when compared to urethral catheteriza- 
tion.’’ Finally, like any ultrasonic technique it is operator- 
dependent, but this technique is easy to learn for those 
involved in urodynamic testing. 
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Urodynamic characteristic Normal value in children 


Uroflow 
Bladder capacity (ml) 


Maximal flow rate = square root of the voided volume® 
Houle et al: 16 (age (years)) + 70 
Koff:” (age (years) +2) x 30 


Kaefer et al:” (2 x age (years) + 2) x 30 (child < 2 years old) (age (years) divided by 2 + 6) x 30 


(child > 2 years old) 


Hjamils :* 30 + (age (years) x 30) 


Uninhibited contractions 


Any appreciable detrusor contraction 


Figure 40.3c. A plateau-shaped curve (Figure 40.3d) may 
be normal but can indicate infravesical obstruction, espe- 


Bladder compliance > 10 ml/cmH,0” 
Voiding pressures Infant male: median 100 cmH,07! 
Infant female: median 70 cmH,O7! 
1-3 years old child male: 70 cmH,0$ 
1-3 years old child female: 60 cmH,O0*° 
7 years and older: similar to adult 
Postvoid residual Infant: 1 void / 4 hour complete, median PVR 4-5 ml 
(limited reliability) up to 2 years old: 4-5 ml” 
3 years old and up: 0 ml 
Interpretation of 
uroflowmetry 


The availability of nomograms for analysis of uroflow data 
has been helpful in providing ‘relative’ data for size and 
weight, while recognizing that their absolute interpreta- 
tion can be misleading.®'*"!® However, there are general 
principles that guide the interpretation of the uroflowme- 
try data in children. As in adults, the results obtained are 
an integration of detrusor contractility and urethral resis- 
tance.’ We believe that the shape of the flow curve is the 
most important feature of uroflowmetry, followed by 
maximal flow rate. Interestingly, the shape of the normal 
flow curve in children is the same as in adults and is a bell 
shape curve (Figures 40.1, 40.2, and 40.3a) in more than 
90% of normal children, even if the voided volume is 
under 100 ml.”!*!*!” With low or high voided volumes the 
shape of the curve has a tendency toward a more plateau 
appearance. 

There are three other frequently encountered shapes. 
The staccato shape (Figure 40.3b) is indicative of either 
abnormal sphincter relaxation, and may be a reflection 
of dysfunctional voiding as in the non-neurogenic 
neurogenic bladder, unsustained bladder contraction, or 
abdominal straining. Children with dysfunctional void- 
ing often benefit from bladder retraining, in which case 
uroflowmetry, nomograms, and especially developed 
computer programs and games can be used as a method 
of biofeedback.'* An example of staccato flow curve 
secondary to bladder sphincter dysynergia is shown in 


cially if associated with a low maximal and average flow 
rates. In such a case, depending on history and physical 
examination, further diagnostic tests may be indicated. For 
example, a voiding cystogram would permit identification 
of posterior urethral valves that sometimes present at an 
older age. It should also be noted that, after hypospadias 
surgery, the uroflowmetry results obtained are those of a 
plateau type curve with low maximal and average flow rates. 
The physician should only be concerned when there is a 
trend towards worsening over successive studies.” Figure 
40.3e illustrates an example of a plateau-shaped curve post- 
hypospadias surgery. Of note is a low average and peak flow 
rate coupled with normal sphincter relaxation. A tower- 
shaped curve (Figure 40.3f) is usually associated with a high 
maximal flow rate and is believed to reflect dysfunctional 
voiding. It is more frequently encountered in girls and is 
often referred to as ‘supervoiders’ It is associated with relax- 
ation of the pelvic floor after the beginning of the 
bladder contraction causing an explosive flow curve. In 
Figure 40.3g, a 10-year-old girl with symptoms of low fre- 
quency voiding and urge incontinence exemplifies the 
tower-shaped curve, typical of voiding postponement. 

One has to be critical when looking at these results. 
Artifacts, mostly caused by misdirection of the stream, 
will change the shape of the curve and thus the numbers 
generated,’ especially in children. 

The maximal and average flow rates closely correlate with 
voided volume, which is dependent on the age and size of 
the child. Again, the nomograms are helpful as references, 
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Normal and abnormal uroflowmetry curves. 
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and should be available in the laboratory.®'*'*”° From a 
practical standpoint, the maximal flow rate has more value 
than the average flow rate and has a linear relationship with 
the voided volume.’ The maximal flow rate should equal 
the square root of the voided volume.’ For example, with a 
voided volume of 100 ml the maximal expected flow rate 
should be 10 ml/s and with a voided volume of 225 ml it 
should be 15 ml/s. Most often when these values are low, 
they are associated with a plateau-shaped curve. 


Interpretation of EMG 
recordings and postvoid 
residual volume 


The residual volume estimate may provide conflicting 
results after uroflowmetry. There is no absolute truth when 
analyzing postvoid residual volume in children, particu- 
larly in view of their fear and anxiety. We believe, however, 
that as a screening tool a normal flow rate coupled with a 
complete emptying (0 ml) excludes the likelihood of seri- 
ous underlying abnormalities.+”'® On the contrary, defin- 
ing what is a clinically significant residual volume is 
difficult in the face of an anxious child, and its value as a 
single diagnostic measure, grading of severity, or prognosis 
of urologic abnormality is poor. With young children, an 
isolated postvoid residual volume measure without symp- 
toms may merely reflect the child’s apprehension. We 
would not ascribe any significance to it. Thus, we routinely 
use simultaneous EMG recordings with perineal patch 
electrodes to further discriminate normal children from 
patients with abnormal voiding pattern, due to dysfunc- 
tional voiding or to underlying unrecognized neurogenic 
bladder. Normal pelvic floor activity on EMG tracing 
should cease almost completely just preceding the record- 
ing of the flow, and resume activity at the end of the flow. 
Abnormal activity during flow recording may be indicative 
of bladder sphincter dyssynergia secondary to dysfunc- 
tional voiding or neurogenic bladder. Also, abnormal 
pelvic floor activity will usually be related to an abnormal 
flow rate curve. Normal and abnormal voiding patterns are 
presented in Figure 40.3. 

Treatment and further evaluation are then tailored 
according to the findings. If a child with no anatomic 
anomalies presents with supportive symptoms, high resid- 
ual volume, or dyssynergia on cutaneous EMG recording, 
we would proceed with bladder and bowel management 
programs. Should the latter fail, despite simultaneous 
bladder-oriented pharmacotherapy, we would proceed 
with complete urodynamic studies. If a child presents with 
anatomic abnormalities during evaluation and an abnor- 
mal uroflowmetry/EMG, then we would proceed directly 
towards full urodynamic evaluation. 


In summary, the noninvasive nature of uroflowmetry 
with EMG and postvoid residual assessment by ultrasound 
makes them ideal in screening and follow-up of children. 
Their relative simplicity and ease of performance add to 
their wide application. The results of these studies are not 
highly specific but, when interpreted in the light of the 
clinical history, physical findings, and other diagnostic 
studies, they yield significant information relevant to 
establishing a diagnosis, especially in dysfunctional voiding 
or the Hinman/Allen syndrome, and to elaborating a treat- 
ment plan and following its results, particularly during 
feedback bladder retraining and following hypospadias 
surgery. 


Complete urodynamics 


Some children require more extensive urodynamic stud- 
ies. Indications include an abnormal curve pattern or dys- 
synergia on cutaneous EMG and flow rate seen in children 
with daytime urinary incontinence, and chronic or recur- 
rent bacteriuria that is refractory to bladder retraining and 
constipation management. Clear indications for complete 
urodynamics as the initial test include patients with sus- 
pected infravesical obstruction such as posterior valves, 
overt or suspected neurogenic bladder dysfunction, and 
failed vesicoureteral reflux management. 

Only a few studies have looked at normal urodynamics 
in children. Sillen et al’! have evaluated bladder function in 
healthy neonates and infants using free voiding studies 
with a 4-hour voiding observation and subsequent urody- 
namic studies. They showed that voiding in the healthy 
neonate is characterized by small, frequent voids of varying 
volume. Thirty percent of the cases presented an inter- 
rupted voiding pattern, which seemed to be an immature 
phenomenon since it was seen in 60% of preterm neonates 
and disappeared completely before the age of toilet train- 
ing. They theorized that there exists a physiologic detrusor 
sphincter dyssynergia (DSD), which may also explain the 
frequent postvoid residual observed in the young.’””? 
Along with the small caliber of the urethra, this can also 
explain the observed high voiding pressure. Such DSD 
seems to resolve by the age of toilet training. Signs of 
bladder instability were rarely observed on cystometric 
evaluation of their patient population, but rather some 
hyperactivity, as patients exhibited premature voiding con- 
tractions after only a few milliliters of filling with leakage 
of urine. Characteristics of the normal neonate micturition 
thus include physiologic DSD, low bladder capacity, and 
high voiding pressure, associated with some detrusor 
hyperactivity. These findings are challenging the concept 
that neonates simply display a voiding reflux and that 
regulation of micturition in neonates involves higher 
neuronal pathways. 
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Another study from Sweden evaluated urodynamics in 
normal infants and children.'* One of the most important 
statements of this study was that a tense and apprehensive 
child will not produce reliable urodynamic data. Studies 
should be done in an appropriate setting with an experienced 
urodynamicist. Their study showed that inhibition of the 
detrusor improves during the first 5 years of life. Development 
of a normal voiding pattern evolves as adequate propriocep- 
tion of the bladder improves, allowing the child to have a bet- 
ter control of micturition. To this maturational process we 
should add the new concept of improvement of physiologic 
DSD with age, as suggested by the study of Sillen.”! 


Bladder capacity 


There have been numerous publications on the subject of 
normal bladder capacity. Hjamlas observed that most uro- 
dynamic variables are age-dependent.’ Normal bladder 
capacity can be fairly well assessed by the formula 30 + (age 
in years X 30). Other formulas to evaluate bladder capacity 
have been described, including Koff’s formula (age + 2) x 
30,” and the estimation by Kaefer et al” of bladder capac- 
ity using 2 x age (years) + 2 = capacity (ounces) for chil- 
dren less than 2 years old, and age (years) divided by 2 + 6= 
capacity (ounces) for those 2 years old or older. The most 
urodynamically sound formula, however, was described by 
Houle et al.” These authors evaluated 69 normal children, 
and measured total bladder capacity (ml), full resting pres- 
sure (cmH,Q), and the volume (ml) and percentage of the 
total bladder capacity stored at detrusor pressures of less 
than 10, 20, 30, and 35 cmH,O. According to their results, 
the minimal acceptable total bladder capacity for age can 
be estimated by 16(age) + 70 in ml, which was derived 
using criteria for safe storage characteristics of the bladder 
in children. This formula has the advantage of being based 
on urodynamic criteria and is the one that the authors 
use in their clinical practice. It should be noted that the 
volumes derived from this formula are higher then the 
volumes at which patients would void in their usual 
environment. 


Bladder compliance 


Normal compliance in children has been established some- 
what arbitrarily. The minimally acceptable value for blad- 
der compliance during bladder filling has been arbitrarily 
set at 10 ml/cmH,0.’’ Values above this level can be con- 
sidered normal. Other researches have further stratified 
compliance as being poor <10 ml/cmH,0, moderate 
between 10 and 20 ml/cmH,O and mild loss between 21 
and 30 ml/cmH,0.*8 However, the clinical relevance of 
such classification has yet to be determined. 


It is important to remember that, as observed in adults, 
compliance may be influenced by the rate of bladder filling, 
which should be at a rate corresponding to 10% of the 
expected bladder capacity per minute. Some advocate the 
use of a warm infusion solution during the filling phase in 
order to obtain more reliable and physiologic results. Chin- 
Peuckert et al nicely demonstrated, in a prospective ran- 
domized study, that a solution at room temperature 
rendered similar results to a warm infusion solution.” 
Compliance should be evaluated at regular intervals during 
cystometric recording (25—50-75%) as opposed to only at 
final capacity, since loss in compliance that occur early in 
the filling phase puts the upper tract at higher risk than 
changes noted only near the end of the cystometric curve.” 

Uninhibited bladder contractions are recorded in the 
same way as in the adult, i.e. any appreciable detrusor con- 
traction, especially if it causes urine leakage or urgency. 
(Since this chapter discusses only normal urodynamics in 
children, detrusor leak-point pressure and abdominal leak- 
point pressure will not be discussed, as they do not occur 
in a normal child.) 


Voiding pressures 


Hjalmas, in his study,® described intravesical pressures that 
are lower in girls than in boys, and lower in infants than in 
older children, but otherwise intravesical pressure does not 
vary with age. However, he mentioned that bladder pres- 
sure recordings represent the most important source of 
error when examining children. He strongly emphasized 
that the examination has to be performed in a kind, 
friendly, and relaxed atmosphere. Standards of voiding 
pressure in normal individuals have been reported. Less 
reliable pressure measurements have been obtained in 
infants, with a median of more than 100 cmH,O in males 
and 60-70 cmH,0O in females.”' In children 1 to 3 years of 
age, voiding pressure can be 70 cmH,O in males? and 
60 cmH,O in females.” After the age of 7, values tend to 
normalize to those of adults. 


Postvoid residual volume 


Postvoid residual urine has been studied, but to date only 
a few studies have presented significant data as to what rep- 
resent normal postvoid residual urine. It is recognized that 
infants do not empty their bladder at each void,” but they 
seem to empty their bladder completely at least once dur- 
ing a 4-hour observation period.” Residual urine using a 
4-hour observational protocol has been reported to be 
minimal (4-5 ml) from the infant stage up to age 2.777! 
Residual urine should be 0 ml at 3 years and older.’ Caution 
should be used when postvoid residual is considered as a 


482 Textbook of the Neurogenic Bladder 


significant factor in diagnosis, as many children may 
present fear and anxiety at the time of observation. A sum- 
mary of normal urodynamic values in children is presented 
in Table 40.5. 


Conclusion 


Urodynamic evaluation of children differs from adults 
mostly in the widespread use of noninvasive exams that 
included uroflowmetry with or without EMG, and 
postvoid residual volume. We have seen that normal values 
in a child differ from an adult, and that they change with 
the stage of development. Although full urodynamic test- 
ing is more invasive, there are many indications that render 
this exam invaluable and necessary. Again, both age and 
size of the child influence interpretation and normal val- 
ues. Overall, these exams play a major role in the evalua- 
tion of voiding abnormalities in children of all ages. 
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Urodynamics in infants and children 


Ulla Sillén and Kate Abrahamsson 


Introduction 


Urodynamics in infants and children is basically the same 
procedure as in adults and shares the same techniques and 
objectives. There is, however, one fundamental difference: 
the patient is a child. Essentially, this means two things. 
First, a child harbors intuitive fear for any unknown proce- 
dure but is, at the same time, largely unresponsive to ratio- 
nal argumentation about the nature of and the need for the 
examination. Second, the child is a growing individual, 
increasing in weight 20-fold from infancy to puberty. This 
means that for children there exists no single set of 
‘normal’ urodynamic variables but rather a continuum of 
each variable, depending on and correlating to the age and 
the body size of the individual. 

This chapter will concentrate on those two aspects: first, 
on how to prepare, inform, reassure, encourage, and comfort 
the child before and during the urodynamic examination; 
second, how to report the expected range of ‘normal’ values 
for urodynamic variables from infancy to adolescence. 


Historical notes on 
urodynamics in infants and 
children 


It is hard to understand why bladder function in children 
did not receive any attention from medical scientists until 
the mid-20th century. Before that time, it seems to have been 
understood, without a trace of critical thinking, that almost 
all children had bladders that worked perfectly well, regard- 
ing both storage and evacuation of urine. If a functional dis- 
turbance such as incontinence was indeed noted, traditional 
wisdom suggested that it was due to psychologic problems 
within the child and/or the family. In contrast, we are now 
aware that non-neurogenic bladder-sphincter dysfunction 
in children is caused by delayed maturation (most often 
genetically determined) of the central nervous system (CNS) 
bladder control. Psychologic problems in an incontinent 


child are a consequence of the bladder dysfunction, not the 
other way round, with few exceptions. 

From 1959 onwards, the first urodynamic studies on 
normal and pathologic bladder function in infants and 
children came into print.’° A rapidly increasing number 
of studies followed, once it became clear that at age 7 years 
as many as 10% of children have non-neurogenic distur- 
bance of bladder/sphincter function. Knowledge surfaced 
that bladder dysfunction plays a major role not only for 
urinary incontinence but also, even more importantly, for 
the creation and persistence of vesicoureteral reflux 
(VUR) and urinary tract infection (UTI), with the 
accompanying risk for deterioration of renal function.” 
Children with neurogenic bladder dysfunction (NBD) due 
to myelodysplasia and other disorders of the CNS were 
exposed to the same risk to an even larger degree. 
Surprisingly, however, this fact did not become obvious 
until the late 1960s, when it was finally understood that 
the devastating UTIs and the frequent progress of bacter- 
ial resistance during antibiotic therapy in myelomeningo- 
cele children was caused by inadequate bladder emptying, 
leaving postvoid residual behind. Regular and low-pres- 
sure bladder evacuation with the aid of clean intermittent 
catheterization (CIC), introduced by Jack Lapides in 1972, 
led to a dramatic reduction in the rate and severity of 
UTIs in this patient group and even resulted in disappear- 
ance of reflux in many patients. !! 


Development of bladder 
function 


The normal development of lower urinary tract function 
from infancy to adolescence has to be reviewed before 
describing the urodynamic procedures and techniques 
used in children and what results to expect. This is 
necessary in order to understand the dynamic nature of 
the urodynamic variables in the growing individual. 
Bladder function during infancy has previously been 
regarded as automatic, with voiding induced by a constant 
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volume in the bladder!’ and without cerebral influence. 
During the last decade it has been shown convincingly that 
the brain is already involved in the voiding reflex from 
birth. This is best illustrated by the finding that in the 
majority of cases newborn babies wake up or show signs of 
arousal before voiding.'*'* This means that the reflex path- 
way connection to the cerebral cortex is anatomically 
already developed in this age group; however, voiding is 
neither conscious nor voluntary — the infant is only 
disturbed by the signal. Both maturation and probably 
training are needed for the voidings to be conscious 
and voluntary. 

Neonates and infants void at varying bladder volumes 
during infancy and this is contrary to the belief that the 
voiding reflex is a simple spinal reflex elicited by a constant 
bladder volume. This has been shown in free voiding 
studies of both pre-term’ and full-term infants” in whom 
bladder volume initiating voiding varies from 30% to 
100% of functional bladder capacity. The reason for this 
variation is unknown, but the bladder volume initiating 
micturition is higher after a period of sleep. 

The infant’s voiding is also characterized by a physio- 
logic form of detrusor-sphincter dyscoordination, which 
has been shown in free voiding studies as interrupted void- 
ings and increase in postvoid residual urine (Figure 41.1).!° 
This phenomenon has also been observed in urodynamic 
studies as an intermittent increase in the electromyo- 
graphic (EMG) activity of the pelvic floor during voiding, 
concomitant with fluctuations in voiding detrusor pressure 
(Figure 41.2).'*!7 A longitudinal study of free voidings 
from birth to age 3 years revealed that the suggested dysco- 
ordination disappears successively, and is not seen after 
potty-training age. Another important observation in the 
study by Jansson et al”? is the increase in postvoid residual 
urine during the first couple of years of life. The reason for 
the incomplete emptying in infancy is probably the physi- 
ologic form of dyscoordination discussed above, with 
interruption of the urine stream before the bladder is 
empty. However, with the acquisition of continence the 
residual volume decreased in this group of healthy children 
and the ability to empty the bladder was complete at the 
age of 3. 

In the longitudinal study of free voidings by Jansson et 
al!? it was also observed that bladder capacity was almost 
unchanged during the first two years of life but showed a 
steep increase at the time the child gets dry (see Figure 
41.6). A similar accelerated increase in bladder capacity 
which is age related has also been noted in other studies.'”'® 
This increased bladder capacity has been considered as a 
prerequisite for both day and night-time continence. 
Conversely, continence during the night has been consid- 
ered to be obtained only after achievement of day dry- 
ness.!™ The reason for this increase in bladder capacity 
has previously only been discussed in terms of general 
maturation. 


Full-term neonate Pre-term infant (32w) 


Void./Res. 

Vol/Urine Bladder volume Bladder volume 
at voiding at voiding 
(ml — %) (ml — %) 

24 | 21 | 45 100% 

19 6 | 25 


4 | 4/8 35% 


30 6 | 36 80% 


10 | 3 | 13 56% 
5 2 | 7 35% 


16 2 | 18 40% 


15 0 | 15 33% 


17 0 17 38% 


15 | 8 | 23 100% 
6 3 9 39% 


Figure 41.1 

Four-hour voiding observation in a full-term neonate and a 
pre-term infant (gestation age 32 weeks) showing varying 
bladder volumes initiating voiding (the sum of voided volume 
and residual urine). The volumes vary between 33% and 100% of 
the highest volume in the bladder (= the bladder capacity) 
during the observation. Note the interrupted voiding seen once 
in the full-term and twice in the pre-term infant. 


Premature voiding 


Voiding 


Figure 41.2 

Cystometric recording in a non-refluxing newborn sibling of a 
child with vesicoureteral reflux (VUR). Note the premature 
voiding contraction after infusion of 5 ml with leakage of urine. 
Voiding after a total filling of 30 ml of saline shows an increase 
of electromyographic (EMG) activity of the pelvic floor and 
concomitant fluctuation in detrusor voiding pressure. 


Acquisition of bladder control 


Development of bladder control was earlier supposed to 
begin at 1 year of age and often to be fully developed by age 
4.5 years. It was described by Muellner as ‘a maturation 
which could not be influenced by training. Another factor 
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which was considered important was the doubling of blad- 
der capacity between 2 and 4.5 years of age.'*”! These state- 
ments about maturation, combined with the improvement 
in the quality of disposable napkins, have contributed to a 
more liberal view about what age potty-training should be 
started. In fact, during the last decades, potty-training has 
been regarded as unnecessary due to the belief that physi- 
cal maturation should dictate when a child becomes dry. It 
is quite clear from other areas, however, that training can 
accelerate maturation. 

Potty-training was instituted early before the era of 
disposable napkins. Some authors have reported bladder 
control much earlier than nowadays,'®”° whereas others 
have not been able to show such a connection.” 

If bladder control only means to void on the potty when 
the child is put there by the parent regularly or when the 
child indicates a need to void, it can be obtained early. The 
degree of maturation needed for such basic training is 
probably already present during the first year of life.” The 
goal of potty-training, to obtain full social bladder control, 
cannot be achieved solely with the early potty-training dis- 
cussed above. The prerequisites for success are influenced 
both by physical maturation and the child’s interest in this 
task as well as by support from adults, routines, and 
parental expectations. Most children may stay dry in their 
usual milieu around the age of 2. However, the child has to 
reach at least 3.5—4 years of age to become mature enough 
to be able to cope with every aspect of their own toileting 
(including taking off and putting on clothes, flushing the 
toilet, closing the door, etc.). 

The markedly improved emptying after potty-training, 
discussed above, is very interesting, since it is something 
that can be used in the treatment of incomplete emptying 
in this age group, through institution of potty-training 
earlier than what is common. 


Indications for urodynamics 
in children 


The indications for urodynamics in infants and children 
are the same as for adults: namely, suspicion of neurogenic 
or non-neurogenic bladder dysfunction or structural out- 
flow obstruction. Thus, they include neurogenic bladder, 
gross vesicoureteral reflux (particularly in infants), recur- 
rent UTIs, uroflow/residual measurement suggesting 
infravesical obstruction, and urinary incontinence (includ- 
ing nocturnal enuresis) that has been refractory to conven- 
tional treatment (urotherapy and drugs) for at least 1 year. 

Neurogenic bladder dysfunction, whether suspected or 
established, is the most important of these indications. It 
should be said up front that cystometry in a patient with 
neurogenic bladder has to be repeated regularly during the 
patient’s lifetime. In a child, cystometry should be performed 


at least once yearly because neurogenic bladder in the child is 
a dynamic disorder that is prone to change and then most 
often deterioration. The common cause is tethering of the 
spinal cord, which occurs in 75% of myelomeningoceles and 
in 100% of lipomyelomeningoceles.™ 


Age-related aspects 


The investigation must be 
adapted to the child’s needs! 


In urology textbooks in the past, it could be read that 
‘cystometry cannot be performed in children younger than 
7 years of age’ In one circumstance this statement was true: 
namely, when a young child was referred to a urodynamic 
laboratory that was used to examine adult patients only. 
Nonprepared children who hesitated to enter the labora- 
tory and thereby upset the time schedule were looked upon 
as disturbing and irrational patients — which children cer- 
tainly are if not treated according to their own needs! 
Children are irrational, sensitive, and skeptical towards all 
kinds of medical technology. Thus their need for informa- 
tion, patience, and loving care cannot be emphasized too 
much. The stress felt by a tense child during a urodynamic 
examination may very well generate results suggesting 
bladder dysfunction (overactive bladder and/or sphincter) 
even if that same child in a safe and relaxed mood would 
have shown completely normal urodynamic findings. 

Ideally, the child should be prepared for what will be 
coming by being shown around the laboratory the day 
before the examination and given a summary in everyday 
language of what is going to happen (Figure 41.3). Several 
of these children have already undergone voiding cystogra- 
phy and may have unpleasant memories of the catheteriza- 
tion, so this topic has to be touched upon with great care. 

During the examination, the child is handled in a 
relaxed and patient way. Even young children should be 
handled with respect for their personal integrity. As much 
as possible, the procedure should be performed ‘as in play’. 
A video with popular cartoons has been a great asset in our 
laboratory and has helped children to overlook frightening 
equipment in the room (Figure 41.4). However, nothing 
can substitute for an experienced nurse or laboratory 
assistant who loves to take care of children.’>”® 


Sedation 


Exceptionally, when a child expresses outspoken anxiety for 
the procedure, in particular the catheterization, sedation 
with midazolam may be an option.” We have no experience 
with using midazolam (Dormicum®, Roche) in urody- 
namic studies but have used the drug for several years when 
performing voiding cystourethrography (VCUG).”* In these 
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Figure 41.3 

Child familiarizing herself with the urodynamic laboratory while 
receiving information from the laboratory assistant the day 
before the actual investigation. 


studies the drug does not seem to affect bladder/sphincter 
function in any way. The sedation is satisfactory and side- 
effects very rare. The drug company only offers Dormicum 
for intravenous use. However, in our practise, we use the 
intravenous preparation for oral or rectal administration 
and have noticed the same sedative efficacy without added 
side-effects. For oral administration, Dormicum 5 mg/ml is 
used in the dosage 0.3-0.5 mg per kg body weight, max 
7.5 mg, mixed in a small amount of juice or cola. Effective 
sedation occurs within 15-30 min and the duration of seda- 
tion is 30-50 min. Dormicum 1 mg/ml is used for rectal 
administration in the dosage 0.2-0.3 mg per kg body weight, 
max 5 mg. Effective sedation occurs within 10-20 min and 
duration of sedation is 30-50 min. Observe that pulse 
oximeter, suction apparatus, and equipment for ventilation 
should be at hand. If the child falls asleep, secure free air- 
ways. The child should be supervised for at least 1 h 30 min 


Figure 41.4 
Cystometry is not necessarily a distressful experience, especially 
when an interesting video is running. 


before leaving for home.’® Midazolam for sedation of a 
child going through a urodynamic investigation may be a 
good option in the future once placebo-controlled, ran- 
domized studies have been performed. 


Age 


Infants below 1 year of age pose very few problems during 
urodynamic investigation. They are simply too young to be 
afraid of the procedure. The most problematic age group 
are children aged 2—4 years who are old enough to feel 
scared but too young to understand the reasons for the 
examination. 

Children with neurogenic bladder generally accept the 
urodynamic investigation without many problems. A 
majority of these children are treated with CIC and it is 
easier for them to accept and for the staff to perform the 
procedure than is the case for children with intact lower 
urinary tract sensation. 


Urodynamic methodology 


Noninvasive urodynamics 
Uroflow 


Measurement of the urinary flow rate, including assess- 
ment of the shape of the flow curve, is a very useful inves- 
tigative tool in children with non-neurogenic bladder/ 
sphincter dysfunction but has a very limited value in neu- 
rogenic bladder patients. The simple reason is that a child 
with neurogenic bladder is only exceptionally able to per- 
form a formal micturition. 
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Postvoid residual urine (assessed 
with ultrasound) 


This procedure is mandatory and should be repeated fre- 
quently in all children with neurogenic bladder. In infants 
and small children, who are not treated with CIC, the 4-hour 
voiding observation is used to investigate emptying ability.'® 
The child uses a napkin during the test and voidings are 
indicated by a gossip strip or a light signal. Voided volume is 
measured by weighing the napkin after each voiding and 
postvoid residual urine is checked by ultrasonography. Since 
postvoid residual urine varies also in healthy babies with 
complete emptying only occasionally, the investigation has 
to include a 4-hour period and not only isolated voidings. 
Postvoid residual urine should also be checked in 
patients on CIC to make sure that the catheterization is 
performed in a correct and efficient way. Some children 
tend to withdraw the catheter too early. Others may get a 
dislocation of the bladder when growing up, necessitating 
a change of body position during CIC in order to achieve 
complete emptying. Another reason for postvoid residual 
urine could be a trabeculated detrusor due to bad compli- 
ance by the patient in the CIC regimen and anticholinergic 
treatment, a phenomenon sometimes seen during puberty. 


Pad test 


To estimate and follow urinary leakage between voidings or 
catheterizations during daily activity, the pad test is the 
most appropriate investigation, including hourly change of 
pads that are weighed to get the leakage volume. When 
combined with a 3-hour interval change of pads at home, 
the most reliable results will be produced.” The leakage 
volume and frequency are important parameters to follow 
at least once a year, since changes can indicate tethering. 
The test is also important as an indicator of the efficacy of 
treatment with anticholinergic medication. 


Pelvic electromyography using 
cutaneous electrodes 

Pelvic EMG for registration of pelvic floor activity during 
cystometry will sometimes detect neuromuscular activity 
even in patients with neurogenic bladder, but it will be dif- 


ficult or impossible to find out from which portion of the 
pelvic floor muscles the signals emanate. 


Invasive urodynamics: 
traditional cystometry 


Invasive urodynamics is synonymous with cystometry (with 
the possible addition of EMG using needle electrodes). 


Frequently asked questions (FAQs) 
regarding cystometric techniques 


At which points of time should infants and children with 
neurogenic bladder dysfunction be examined with cys- 
tometry? The literature provides strong evidence that CIC 
in congenital NBD should be started as soon as possible in 
infancy,***! because there is an obvious risk of deteriora- 
tion of bladder function already in infancy as well as later 
in childhood.***? Frequent and regular follow-up of blad- 
der function (cystometry at least once a year) is mandatory, 
in particular during the first 6 years of life.** 


Gas or fluid filling of the bladder? Gas should not be used. 


Fluid-filled or transducer tip catheters for pressure mea- 
surement? For obvious reasons, transducer tip catheters 
must be used for natural fill (ambulatory) cystometry. 
When traditional cystometry is performed in the labora- 
tory, a fluid-filled pressure measurement system is still the 
standard. 


Transurethral or suprapubic catheters? Double-lumen 
transurethral catheters are ideal for infants and children 
with neurogenic bladder. Most of these patients have 
limited or absent urethral sensation. Moreover, the pos- 
sible obstruction caused by the transurethral catheter is 
of minor importance in this patient group, since it is 
hardly ever possible to perform a formal pressure—flow 
measurement. 


What filling rate should be used? The rate at which fluid is 
instilled in the bladder influences bladder wall dynamics, 
thus capacity, intravesical pressure, and compliance.’ High 
filling rates create an artificial situation, with continuous 
pressure rise. Therefore, filling rates have to be standard- 
ized and not allowed to exceed physiologic filling rates dur- 
ing maximal diuresis. The recommended rate is 1/20 (5%) 
of the patient’s expected bladder capacity per minute, since 
in a healthy individual the bladder will be filled to capacity 
in 20 min during maximal diuresis. The patient’s expected 
bladder capacity can be assessed from a diary in which the 
parents note the CIC volumes for a couple of days. The 
largest volume should be chosen excluding the first morn- 
ing voiding. Alternatively (particularly in severe inconti- 
nence with small CIC volumes), the expected bladder 
capacity in children 3 years of age and above can be calcu- 
lated from the simple rule-of-thumb equation: 


Expected bladder capacity (ml) = 30 + (age in years x 30)” 


An alternative rule of thumb is that 1% of the body 
weight approximately predicts a child’s bladder capacity. A 
3-year-old would be expected to have a bladder capacity 
around 120 ml, so a filling rate of 6 ml/min should be used. 
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When to stop filling in a patient unable to feel a desire to 
void? This is the common situation in patients with NBD. 
The infusion should be finished when any of the following 
occurs: 


strong urgency 

micturition 

feeling of discomfort 

high basic detrusor pressure (>40 cmH,O) 

large infused volume (>150% of the expected bladder 
capacity unless the CIC diary has shown larger volumes 
at CIC) 

6. rate of urinary leakage 2 rate of infusion. 


A ek ee 


How many filling cycles are needed? In non-neurogenic 
cases, two. Even if the child seems to be at ease during the 
examination, the first filling is experienced by the child as 
more stressful than the following ones. Detrusor and/or 
sphincter overactivity is therefore more commonly seen 
during the first filling. The second filling will already reflect 
the urodynamic status of the bladder in a reliable way. 
Additional fillings do not need to be done because they 
produce similar findings to the second one.’ However, in 
children with neurogenic bladder a single filling may be 
sufficient because lower urinary tract sensation is impaired 
and psychologic mechanisms hardly influence bladder/ 
sphincter function. 


When is the bladder cooling test (BCT, formerly Bors ice 
water test) indicated in the urodynamic investigation of 
infants and children with established or suspected NBD? 
In every case, as a general rule. It has been shown that neu- 
rologically normal infants and children exhibit a positive 
bladder cooling test (BCT) during the first 4 years of life, 
whereas the test is negative in children older than 6 years.*° 
In infants and children with NBD, a negative BCT before 
age 4 demonstrates a lesion of the sacral reflex arch, 
whereas a positive BCT in children older than 6 years indi- 
cates a lesion of inhibiting suprasacral spinal pathways.’ 
The BCT is performed after finishing the traditional cys- 
tometry. The reactivity of the detrusor is first checked with 
body-warm saline infused rapidly in an amount corre- 
sponding to one-third of the cystometric bladder capacity. 
If this infusion does not elicit any significant detrusor con- 
traction, the bladder is emptied and the same amount 
(one-third of bladder capacity) of cold (4-8 °C) saline is 
infused rapidly. A positive test is defined as a detrusor con- 
traction within 1 min with detrusor pressure >30 cmH,O. 


How to measure leak-point pressure — and what is its 
value? The ideal way of measuring leak-point pressure 
(LPP) is to note the detrusor pressure at the moment when 
leakage of urine is observed, during cystometry. This 
means that the laboratory assistant would have to monitor 


the patient’s genital area continuously, which is seldom 
possible. Instead, the flowmeter is often used to indicate 
leakage; but it is then important to make adjustments for 
the time delay between pressure registration and the 
flowmeter deflection, in particular when leakage occurs in 
connection with a phasic detrusor contraction. It is 
assumed that LPP >40 cmH,O in children with NBD 
suggests an increased risk for development of renal dam- 
age. This assumption makes sense, because maintained 
intravesical pressure above 30—40 cmH,0O is certainly asso- 
ciated with an increased incidence of VUR and upper tract 
dilatation.’ Thus, an assessment of LPP should be 
routinely included in the urodynamic evaluation of a child 
with NBD. 


What is the role of electromyography in the urodynamic 
evaluation of children with neurogenic bladder dysfunc- 
tion? ‘Quantitative’ EMG using perineal surface electrodes 
(Ag/AgCl) will not always produce clinically valuable infor- 
mation in this patient group. 


How should intra-abdominal pressure be measured? The 
intrarectal pressure is easily accessible with a catheter 
passed through the anus. This fact — together with a solid 
chunk of urodynamic tradition — and, additionally, the 
invasive nature of the two first-mentioned options, helps to 
propagate intrarectal pressure as the standard for assessing 
perivesical pressure. The rectal catheter should be open- 
ended and continuously and slowly (3 ml/h) perfused with 
saline to prevent blocking by feces. It is important to check 
pressure transmission by asking the patient to strain or 
cough or by applying pressure on the suprapubic area. Be 
aware that the rectal catheter will sometimes transmit pres- 
sure peaks generated by spontaneous rectal contractions, 
something that may result in false-negative detrusor 
pressure readings. Thus, detrusor pressure calculated as 
intravesical minus intrarectal pressure is not always a 
reliable urodynamic variable. 


Invasive urodynamics: 
videocystometry 


Performing cystometry and fluoroscopic monitoring of 
the bladder and urethra at the same time no doubt 
increases the diagnostic accuracy of the urodynamic pro- 
cedure, e.g. by allowing determination of bladder pres- 
sure at the moment when VUR occurs. The combined 
examination is also of value in patients with high-grade 
VUR where a common problem is to decide how much of 
the infused volume corresponds to bladder capacity and 
how much is stored in the refluxing systems. It can thus 
be said that some clinical questions will not be possible to 
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answer without concurrent use of cystometry and X-ray. 
Therefore, videocystometry has become a standard 
urodynamic procedure for children with NBD (and other 
diagnoses) in many centers. However, videocystometry 
has its disadvantages. The most important of these is that 
videocystometry makes the examination even more com- 
plex by introducing additional machinery face to face to 
the (possibly) bewildered child. Even well-prepared and 
cooperative children may have difficulties in adapting to 
a highly sophisticated procedure. Since the child patient 
needs significant modification of the cystometric tech- 
niques compared to the adult, it can be questioned 
whether increasing the level of investigative sophistica- 
tion is the right way to go. 


Invasive urodynamics: 
natural fill (ambulatory) 
cystometry 


Natural fill cystometry differs from traditional laboratory 
cystometry by (1) allowing the patient to be mobile, i.e. not 
restricting him to the laboratory chair, and (2) using the 
patient’s own diuresis as the filling medium of the bladder. 
In both adults and children significant differences have 
been found between values obtained by artificial and 
natural filling urodynamics, respectively. Especially, steeper 
pressure rise and larger voided volumes were observed dur- 
ing and after artificial filling, whereas voiding pressures 
were found to be higher after natural filling. The natural fill 
cystometry also seems to be more sensitive in detecting 
detrusor instability than the traditional, artificial filling 
method.” The lower incidence of detrusor instability 
and the greater voided volumes found on traditional 
cystometry probably reflect an inhibition of detrusor 
function because of the relatively fast artificial filling. 

In neurogenic bladders in adults, important differences 
were noted between conventional and natural fill cystome- 
try. High increases in pressure registered during artificial 
filling, interpreted as low compliance of the bladder wall, 
were not reproduced during natural fill cystometry but 
rather replaced by phasic detrusor activity. Natural filling 
disclosed a combination of greater residual urine volumes, 
greater resting pressures, and greater phasic activity in 
patients with upper tract dilatation.” 

In infants and children, results obtained by conventional 
cystometry and natural fill cystometry have shown the 
same differences as in adults regarding both non-neuro- 
genic and neurogenic bladder dysfunction. The two meth- 
ods were compared in a group of 17 children (mean age 6.8 
years) with various urologic disorders.*' As in adults, the 
natural fill study yielded lower voided volumes, a less steep 
pressure rise on filling, and higher detrusor pressures 


during micturition. Additionally, natural fill urodynamics 
revealed detrusor overactivity in more patients than did 
the conventional cystometry. 

The studies cited recorded bladder and rectal pressure for 
time periods ranging between 4 and 6 hours. In a study from 
our institution” we took full advantage of the ambulatory, 
natural fill method by extending the recording time to a 
mean of 20 hours. It was thus possible to compare the blad- 
der behavior between day and night, which yielded interest- 
ing results. Also, the small patients were truly ambulatory 
since they were carrying the recording device in a backpack. 
There was no disruption of the child’s normal activities and 
the children seemed almost completely unaware that they 
were subjected to a sophisticated investigation of their blad- 
der function. Sixteen boys aged 1.4—6 years (mean age 3.4) 
with endoscopically resected posterior urethral valves (at a 
mean age of 3.6 months) were studied. All the boys had 
detrusor instability in the daytime but the bladders became 
stable during sleeping hours. At natural fill cystometry, void- 
ing detrusor pressure was higher and functional bladder 
capacity much lower during the day than at night. 
Dissimilarities noted between natural fill and conventional 
cystometry were the same as found in all other studies. 

A couple of studies have compared natural fill with con- 
ventional cystometry in children with neurogenic bladder. 
In 2 of 11 children with myelodysplasia (mean age 10 
years) more phasic detrusor activity and higher pressure 
amplitudes were found during 6 h of natural fill cystome- 
try.” In another study of 20 children (age 6-11 years) with 
neurogenic bladder, natural fill cystometry (mean duration 
12 hours) discovered detrusor overactivity in 45% of the 
children in contrast to traditional cystometry in the same 
children where half had been judged to have normal blad- 
der function and the other half low-compliance bladders.** 

In conclusion, natural fill cystometry in infants, chil- 
dren, and adults shows a lower pressure rise during filling, 
a higher incidence of detrusor overactivity, a higher detru- 
sor pressure on micturition, and a lower voided volume 
than is found at conventional cystometry. It cannot be 
excluded that ‘low compliance neurogenic bladder’ might 
sometimes turn out to be an investigational artifact due to 
the unphysiologic high rate of artificial bladder filling, 
since studies in both children and adults have shown the 
rapid rise of pressure during artificial filling being replaced 
by phasic detrusor overactivity.*°“4 Natural fill urodynam- 
ics does not use artificial filling, and it causes minimal psy- 
chologic trauma, especially important for the pediatric 
patient, so it no doubt delivers the more authentic 
reflection of true bladder physiology. However, data on 
natural fill cystometry in children with neurogenic bladder 
are still sparse, and, before replacing traditional with nat- 
ural fill urodynamics, additional studies are needed. In par- 
ticular, it will be necessary to find out how decreased 
distensibility of the bladder wall is presenting itself in the 
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natural fill studies. Increase of basal detrusor pressure 
above 20-30 cmH,0 is seldom seen during natural fill but 
has been interpreted as an important sign of poor compli- 
ance when seen in traditional cystometry and found to be 
associated with dilatation of the upper tracts and deterio- 
ration of renal function. Since the rapid rise of basal detru- 
sor pressure may be looked upon as a significant finding, it 
is still too early to appoint natural fill urodynamics to be 
the future golden standard in the investigation of neuro- 
genic bladders in children, even if the possibility remains 
that natural fill may lead to profound reassessment of the 
urodynamic neurogenic pathophysiology. 


Evaluation of urodynamic 
results 


What are we looking for? 


As in adult urodynamics, the four Cs: 


capacity (of the bladder reservoir) 
contractility (of the detrusor and sphincter) 
compliance (of the bladder wall) 
continence. 


And, in addition: 


lower urinary tract sensation 
evacuation (as reflected by absence or presence of 
postvoid residual). 


Normal urodynamic variables 
in infants and children 


In infants and children, it goes without saying that normal 
values differ widely from the adult ones; and that, in grow- 
ing individuals, variables such as bladder capacity vary 
according to the age and size of the child. 


Bladder capacity 


Increase of bladder capacity is not linear to age or weight 
during the first years of life. There are two periods when 
the increase is accelerated. The first is during the first 
months of life. In free voiding studies of pre-term infants 
in gestation week 32, median bladder capacity was 12 ml!° 
(Figure 41.5) and in similar studies of full-term babies 3 
months of age median capacity was 52 ml” (Figure 41.6). 
The capacity is almost unchanged at 1 and 2 years of age 
(67 and 68 ml, respectively). At 3 years of age, on the other 


140 Pre-term Full-term 
= 120 4 infants infants 
=100 4 
2 804 i 
© 4 - 5 
2 604 : j H 
o 4 e 
3S 404 o 8 go 4 o 7 
S ] ee oo oan t o o 
T 20] yee [Bee °° o 
(0) r . 7 r r 
-4 -2 0 2 4 6 
Age (months) 
e Free voiding o Crystometric 
Figure 41.5 


Age vs bladder capacity as measured in free voiding studies in 
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term infants.” 
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Bladder capacity vs age in a longitudinal study of free voidings in 


infants and children aged 0-3 years, investigated every 3rd 
month. The lines indicate the 5th, 50th, and 95th percentiles." 


hand, the median capacity is 123 ml, meaning a doubling 
during the third year of life (see Figure 41.6).'° 

The first step in increase of bladder capacity is thus 
around birth and is a four-fold increase, which should be 
compared with the increase in body weight, which is only 
three-fold. The second step is at the age of toilet-training 
when gaining control over voidings. The main stimulant 
for this second increase in bladder capacity can be sug- 
gested to be due to the fact that the child starts to get dry at 
night, which means higher overnight bladder volumes. 
Indications for such a connection are the finding that high 
overnight bladder volumes have been shown to be respon- 
sible for development of high bladder capacity in patients 
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with VUR* and also in boys with posterior urethral 
valves.” Overnight bladder volume has also been shown to 
be the determinant for functional bladder capacity in 
healthy children after potty-training.*© 

The relationship between free voiding and cystometric 
capacity changes during the first years of life. In the 
neonatal period, cystometric capacity'’ is lower as com- 
pared to free voiding capacity’? (see Figure 41.5), whereas 
after the infant year the opposite is seen. This can be 
partly attributed to the fact that older children postpone 
voiding at cystometry due to fear of voiding with a 
catheter in the bladder and of the unfamiliar situation 
of the assessment. This fear cannot be expected in the 
neonatal child and voiding is thus not postponed for this 
reason. Another possible explanation for the low cysto- 
metric capacity in the neonatal period might be the over- 
activity suggested by Bachelard et al, shown as an ease to 
induce detrusor contractions prematurely in catheter 
investigations." 

Even if development of bladder capacity during the first 
years of life is not linear, we suggest that a linear formula is 
used for calculation of expected bladder capacity for age as 
a simple rule of thumb. We have chosen to use: 


Expected bladder capacity (ml) = 30 + (age in years x 30)” 


since this linear increase in capacity is very similar to the 
nonlinear increase in capacity as described by Jansson 
et al”? investigating children longitudinally from birth to 
age 3 years in free voiding studies (see Figure 41.6). 

According to the International Continence Society 
(ICS), the term ‘functional bladder capacity’ should no 
longer be used because of difficulties of definition, and it 
should be replaced with ‘voided volume’. Children void 
widely different volumes during the same day, sometimes 
when they feel a desire to void but quite often because their 
mothers tell them to go to the toilet.“ The common way to 
decide a child’s bladder capacity is to keep a voiding diary 
(frequency—volume chart) for 2 days and select the largest 
voiding volume, excluding the first morning voidings that 
rather represent nocturnal bladder capacity. For children 
on CIC, the same method is used to define the child’s 
approximate bladder volume. 

Measured capacity less than 65% of the calculated value 
is believed to denote a bladder which is small for age, 
whereas a measured volume that is more than 150% of the 
calculated value may denote a bladder that is large for age.” 


Detrusor contractility 


Storage phase. It has been shown during recent years 
that instability is rarely seen in infants," which is 
contrary to the earlier concept of instability as a normal 


phenomenon in this age group.’ The lack of unstable 
contractions during filling has been shown in natural fill 
cystometry,'* which is an investigation that is sensitive 
when it comes to identification of instability. This lack of 
instability during filling has also been observed in standard 
cystometric investigations of healthy infants, including a 
study of siblings of children with reflux.!” 

In infants with bladder dysfunction, on the other hand, 
instability during filling is common, such as those with 
posterior urethral valves and neurogenic bladder.** 
Therefore, instability can probably be used to diagnose 
bladder dysfunction in this age group just like in older 
children. 

During the first months of life, on the other hand, there 
seems to be another form of overactivity, which was 
observed in 20% of the children as an isolated detrusor 
contraction after only a few milliliters of filling at cystom- 
etry and, with leakage of urine, looked at as a premature 
voiding contraction." Bladder capacity in these age groups 
urodynamically registered was also low,” and was much 
lower than that seen after free voidings.'? These findings 
taken together indicate that the voiding reflex can easily be 
elicited in this age group, in the cystometric investigations, 
by a catheter in the bladder and infusion of saline (see 
Figure 41.2). This overactivity vanishes after a few months 
and, simultaneously, bladder capacity increases. The phe- 
nomenon does not seem to have anything to do with insta- 
bility, since instability is seldom seen in infants,'*"’ but can 
rather be looked upon as an immature behavior of the 
detrusor muscle.‘ 


Voiding phase. Voiding detrusor pressure is probably 
higher during early infancy compared to that seen in older 
children. Bachelard et al'? and Wen and Tong” investigated 
infants considered to have normal lower urinary tract 
with conventional cystometry using a urethral catheter. 
The pressure levels registered in these studies were 
very different; median 127 vs mean 75 cmH,O. One 
explanation of the different results may be the age of the 
infants studied, which was median 1 month and 6 months, 
respectively. Yeung et al also found high voiding pressure 
levels in small infants.“ However, it should be noted that 
they used natural fill cystometry, which gives higher 
pressure levels than standard cystometry. 

Female infants have significantly lower pressures at void- 
ing compared with males and only slightly higher than 
those of older girls (Table 41.1). 

This difference in voiding detrusor pressure between 
males and females must be attributed to the difference in 
anatomy, with the long narrow urethra in male infants 
allowing higher outflow resistance and inducing higher 
voiding pressure. Thus, the standards for voiding pressure 
in healthy infants are imprecise and can be a median of 
more than 100 cmH,O in males and 60-70 cmH,O in 
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Voiding detrusor pressure in infants 


Mean voiding detrusor pressure 


(cmH,0) 
References Males Females 
Yeung et al"? 117 75 
Bachelard et al!” 127 72 
Wen and Tong” 75 60 


females (see Table 41.1). In children 1-3 years of age 
median voiding pressures have been reported to be 
70 cmH,O in males’ and 60 in females.” 

High voiding pressure in infants is correlated with low 
bladder capacity. This further explains the above-described 
differences in voiding pressure levels in the studies by Wen 
and Tong” and Bachelard et al.'” In the latter study, the 
infants were younger and thus had lower capacity. 

Any discernible peak in the detrusor pressure recording 
during the filling phase is a pathologic finding, but in order 
to avoid recording artifacts it may be prudent to allow 
only for peaks with a duration of >10 s and amplitude of 
>10 cmH,0. In neurogenic bladder urodynamics, one 
should keep in mind that traditional cystometry seems to 
suppress phasic detrusor activity and exaggerate the rise of 
basic pressure (giving the impression of low compliance) 
compared with natural fill cystometry.4°“* 


Variables to register. Variables to register comprise the 
following: 


e Number of phasic contractions and their duration and 
amplitude together with the infused volume when they 
occurred. Note subjective reaction, if any. 

e Basic detrusor pressure at start and end of filling 
(excluding a possible sharp terminal rise of pressure). 
Avoid including phasic contractions. 

e Detrusor pressure at start of significant leakage (LPP) 
and the infused volume when leakage occurred. 

e Absence or presence of a coordinated detrusor micturi- 
tion contraction. In the case of a micturition contrac- 
tion, any detrusor pressure above 100 cmH,0O is to be 
regarded as pathologic in children, denoting outflow 
obstruction or detrusor overactivity, or both. In infant 
boys, higher values may be normal. 


Bladder cooling test. Variables to register are: 
e outcome: positive (detrusor contraction >30 cmH,O) 


or negative (<30 cmH,O) 
e maximal detrusor pressure, registered in cmH,O. 


Sphincter contractility 


In children with neurogenic bladders, EMG registration 
will not always produce any information about urethral 
sphincter activity. When the EMG recording seems unre- 
liable, indirect evidence will have to do. Leak point pres- 
sure >40 cmH,O denotes either neurogenic sphincter 
overactivity or a sphincter with intact innervation. 
Likewise, the finding of intravesical pressures well above 
40 cmH,O without any detectable leakage of urine sug- 
gests detrusor-sphincter dyssynergia or, alternatively, a 
normal sphincter contracting to prevent leakage (guard- 
ing reflex). 


Compliance of the bladder wall 


The concept of compliance characterizes the distensibility 
of the bladder wall during the reservoir phase. A sub- 
normal compliance value denotes increase of bladder wall 
stiffness due to change of wall structure or a tonic detru- 
sor contraction and is a risk factor for development of 
upper tract damage. Compliance is expressed as the 
volume (ml) that the bladder can accommodate with a 
resulting pressure increase of 1 cmH,O. It is calculated 
from a middle segment of the detrusor pressure registra- 
tion up to 30 cmH,0O, avoiding phasic contractions. A 
‘normal’ value for compliance in adults has not been val- 
idated but it is generally felt that it should be more than 
20 ml/cmH,0, e.g. that basic pressure increase up to an 
adult bladder volume of 400 ml should be 20 cmH,O or 
less from empty to full bladder. But we will encounter 
problems trying to apply this value of compliance to the 
wide range of bladder volumes in children. For example, 
a child with a bladder capacity of 100 ml (which would be 
normal in a 3-year-old child) and a 20 cmH,0 pressure 
increase from empty to full bladder will give a compliance 
value of 5 ml/cmH,0, a value which would be clearly 
pathologic in an adult. An adjustment must be done to 
make values comparable between children and adults. It 
has been suggested that the lowest acceptable value of 
compliance in a child should be 1/20 (5%) of the child’s 
normal capacity per cmH,0, a calculation that would be 
compatible with the lowest limit of ‘normal’ compliance, 
20 ml/cmH,O, in adults. Then, a compliance of 
5 ml/cmH,O at a bladder capacity of 100 ml would 
be within the normal range. 


Safe capacity. Instead of calculating compliance in order 
to characterize the reservoir properties of the bladder wall, 
we use the concept of ‘safe capacity at our institution. The 
bladder volumes at 20 cmH,O and 30 cmH,0O base line 
detrusor pressure are registered. The 20 cmH,O value 
stands for a truly safe and the 30 cmH,0 a borderline value 
for compliance at reservoir capacity. 
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Continence 


Cystometry of a child is not only a laboratory investiga- 
tion but also allows for a careful and prolonged clinical 
observation of the child. In addition to the urodynamic 
results produced by the cystometry, this observation pro- 
vides important information regarding the child’s reac- 
tions to bladder filling and, not least, in which situations 
and at which bladder volumes leakage of urine can 
be noted. 


Lower urinary tract sensation 


From age 4 onwards, it is possible to extend the clinical 
observation during cystometry by asking the child 
whether he feels the catheter being introduced and if he 
experiences any sensation from the bladder during filling. 
Some degree of urethral sensation is not seldom present in 
children with neurogenic bladder, whereas bladder sensa- 
tion is most often absent or very weak. Discomfort or pain 
at end filling when the bladder has become filled to capac- 
ity is probably elicited from functional sensory nerve end- 
ings in the peritoneum partly covering the bladder. When 
the child signals discomfort (in small children seldom ver- 
bally, but rather by being anxious, crying, or moving rest- 
lessly), infusion should be discontinued. The cystometry 
protocol should include the soft data obtained regarding 
sensation. 


Bladder evacuation 


Infants do not empty the bladder at every void- 
ing,'?1>!649°05! but, characteristically one voiding during 4 
hours is complete, according to results from the 4-hour 
observations. This is seen both in pre-term infants (gesta- 
tion week 32)" and neonates, and during the first years of 
life. The residual urine during 4 hours is more or less 
constant from the neonatal period until just before the age 
of 2 years; median 4-5 ml.!*'>'° During the third year, 
when gaining control over voidings, on the other hand, the 
emptying of the bladder becomes complete, so that the 
median residual urine is 0 ml.” 

In healthy children above 3-4 years of age, the bladder 
empties completely at each voiding. Five milliliters in 
postvoid residual may be accepted due to the unavoidable 
time delay from the end of voiding until the bladder can 
be examined with ultrasound; 5-20 ml is borderline and is 
an indication for repeating the ultrasound. In schoolgirls 
treated for bacteriuria, recurrence was significantly more 
common in those with postvoid residual urine greater 
than 5 ml.” In children with NBD, assessing postvoid 
residual urine by aspiring through the bladder catheter 
may not always yield reliable results due to the common 


dislocation of the base of the neurogenic bladder, so 
a check with ultrasound is strongly recommended. 
Ultrasound to determine residual urine should also be 
performed frequently on all children on CIC for the same 
reason. 


Conclusions 


The free voiding pattern in the neonatal period is charac- 
terized by small, frequent voidings (one voiding per hour) 
with volumes that vary intra-individually and leave resid- 
ual urine most of the time. The incomplete emptying is 
suggested to be due to a physiologic form of dyscoordina- 
tion. Towards potty-training age the emptying improves, 
and, at that time (third year), the bladder capacity also 
doubles. Voiding during quiet sleep is rarely seen, even in 
the neonatal infant, meaning that the child shows signs of 
arousal at voiding. 

Bladder instability is rarely seen in urodynamic studies 
of young infants, although premature voiding contractions 
are seen in the neonatal period, with leakage of urine after 
only a few milliliters of filling. This latter increased reactiv- 
ity of the detrusor muscle is also suggested to be responsi- 
ble for the cystometric small bladder capacity in this age 
group and the high voiding pressure levels. 


Classification of neurogenic 
bladder dysfunction in 
infants and children 


A classification of neurogenic bladder in spina bifida 
children was suggested by van Gool.” As can be seen in 
Table 41.2, a simple but clinically useful classification can 
be created from the urodynamic data. Detrusor and 
sphincter are classified as underactive or overactive, so 
the neurogenic dysfunction can be categorized in four 
main groups. Two of these display underactive sphincter 
with incontinence as the major clinical problem, and 
the two others have overactive sphincter with outflow 
obstruction and deficient bladder emptying as their 


Four patterns of bladder-sphincter dysfunction 
in children with myelomeningocele”’ 


Detrusor 
Clinical 
Sphincter Underactive Overactive correlate 
Underactive 35 10 Incontinence 
Overactive 13 42 Outflow obstruction 
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Figure 41.7 
Normal cystometry in a 4-year-old boy with high thoracolumbar myelomeningocele. 
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Figure 41.8 
Normal compliance, discrete detrusor overactivity, and micturition contraction forcefully counteracted by sphincter contraction, thus 
pronounced dyssynergia, in a 4-year-old boy with lumbosacral myelomeningocele. 
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Figure 41.9 


Detrusor underactivity, low bladder wall compliance, and poor effect of straining, suggesting sphincter overactivity, in a 4-year-old 


boy with lumbosacral myelomeningocele. 


main clinical characteristics. It should be added, how- 
ever, that about 5% of children with myelomeningocele 
display normal bladder function at cystometry, in partic- 
ular those who have their spinal cord anomaly in a high 
position (cervical, thoracic, or high thoracolumbar) 
(Figure 41.7). 


Examples of common 
urodynamic patterns in 
neurogenic bladder 
dysfunction in children 


The most ominous urodynamic pattern, threatening the 
integrity of the kidneys, is dyssynergia between detrusor 
and sphincter. The micturition detrusor contraction is 
counteracted by sphincter contractions, leading to poor 
evacuation of the bladder, as seen in a 4-year-old boy with 
lumbosacral myelomeningocele (Figure 41.8). 

Almost equally dangerous for the renal health is the pat- 
tern with an underactive or paretic detrusor, low compliant 


bladder wall, and overactive sphincter (Figure 41.9). The 
child attempts, without much success, to empty the bladder 
by forceful contractions of the abdominal muscles. As in 
the previous case, a regular, carefully performed CIC pro- 
gram is absolutely essential in order to avoid UTIs, reflux, 
and renal damage in this 4-year-old boy with lumbosacral 
myelomeningocele. 

The pattern is often not as clear-cut as in the two previ- 
ous cases. In the next example, the detrusor is overactive 
and there is borderline compliance (Figure 41.10). The 
sphincter may also be somewhat overactive, as judged from 
the EMG; but, on the other hand, there are several small 
micturitions and a larger one at the end of the registration. 
This patient, with lumbosacral myelomeningocele, is only 9 
months old, so there may remain an element of physiologic 
immaturity in the urodynamic pattern. 

The final example, a 5-year-old girl with lumbosacral 
myelomeningocele (Figure 41.11), depicts the beneficial 
effect on detrusor overactivity that is often attained with 
the use of detrusor-relaxing drugs (in this case, oxybutynin 
5 mg twice daily administered intravesically). As can 
be seen, both phasic and tonic (compliance!) detrusor 
contractility normalizes. 
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Detrusor overactivity and borderline bladder wall compliance in a 9-month-old boy with lumbosacral myelomeningocele. 
Electromyography (EMG) indicates an overactive pelvic floor, but there are frequent mini-micturitions and a larger one at the end of the 
registration (‘START MIKT’). 
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Normal urodynamic parameters in adults 


Lysanne Campeau, Tala AL Afraa, and Jacques Corcos 


Introduction 


Urodynamic studies play an important role in the evalua- 
tion and diagnosis of lower urinary tract dysfunction. 
Evaluation can be undertaken in a noninvasive manner, 
with a voiding diary, a pad test, and free flow rate, or in an 
invasive manner, by cystometry, pressure flow assessment, 
and urethral pressure profiling. The normality of uro- 
dynamic parameters in a healthy population is found in 
ranges rather than in precise values. As some tests are inva- 
sive, most published data are derived from patients and 
not from healthy volunteers. Furthermore, urodynamic 
investigations may be considered as nonphysiologic tests 
because of the introduction of several artificial factors, 
such as urethral catheterization, a filling rate that is differ- 
ent from the usual physiologic rate, and the immobile posi- 
tion of patients during evaluation.'? With the help of 
clinical data and abnormal pathologic values, it is, however, 
possible to define some ‘normality for most of the differ- 
ent parameters measured by urodynamics, and, therefore, 
to establish reference values for clinicians. 


Pad test 


The pad test is a diagnostic tool that assesses the degree of 
incontinence in patients in a semi-objective manner. Pad 
weight gain in nonmenstruating women can be attributed 
mainly to urine, but also to perspiration and vaginal 
discharges. 


The short-term pad test 


The short-term pad test is a standardized, objective way of 
assessing incontinence, lasting 15 minutes to 2 hours and 
including a standardized, provocative evaluation. It is often 
used in office practice because of its convenient nature. As 
described by Abrams et al, the test requires the intake of a 
fixed amount of fluid. The pad is weighed before and after 


the 1-hour period in the office. Specific activities are 
performed in this time frame, such as walking, standing, 
coughing, running, and bending forward.’ When this test 
was performed in 50 healthy women with self-reported 
normal urinary control, Sutherst et al determined that the 
pad weight gain after 1 hour ranged from 0 to 2.1 g, witha 
mean of 0.26 g.* Versi and Cardozo recorded a mean value 
of 0.39 g with an upper 99% confidence limit (99% CL) 
of 1.4 g of normal weight gain during 1 hour.’ 
The International Continence Society (ICS) has defined a 
cut-off of 1 g to distinguish continent from incontinent 
women.° Test-retest repeatability in healthy controls has 
not been analyzed, but different studies have examined 
correlation coefficients between the results in women per- 
forming the same test twice. They found a coefficient vary- 
ing between 0.68 and 0.97. The results will vary if the test 
is performed with a standardized volume in the bladder.”* 


The long-term pad test 


The long-term pad test requires patients to wear pads for 
24 or 48 hours during regular everyday activities and in 
their usual surroundings. Patients are instructed to record 
the frequency and amount of fluid intake as well as the 
episodes of micturition and incontinence. At the end of the 
test, the pad is weighed. Studies have assessed weight gain 
in self-reported continent women in the 24-hour pad test. 
Lose et al discerned that median weight gain was 4 g/24 
hours, with an upper 99% CL of 8 g/24 hours.’ Mouritsen 
et al’® and Versi et al!’ tested 24 young nursing and physio- 
therapy students and recorded a mean pad weight gain of 
7.1 g/48 hours (upper 95% CL of 14 g). Ryhammer et al. 
evaluated the 24-hour pad test in continent women with a 
mean age of 50 years and reported a mean pad weight test 
result of 3.1 g/24 hours.”” Test—retest repeatability was 
also investigated by the same authors, who observed a dif- 
ference of up to 4 g per 24 hours in 95% of the cases. 
Karantanis et al discerned a mean pad weight gain of 
0.3 g/24 hours (upper 95% CL of 0.4 g) in 120 participants 
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Voiding diary of healthy volunteers as reported in the literature 


Pauwels De Wachter and Kassis and Pfisterer Normal 
et al’? Wyndaele” Schick”? et al” range 

No of volunteers 32 women 15 women 33 women 24 women 
Mean age 49 2 40 50.2 
Daytime frequency 6.45 To ae Pail 5.63 + 1.26 Dif 6-7 
No of nocturia 0.07 OHO ae 25) 0.08 + 0.16 0.2 0-1 
Mean voided volume 
during day (ml) 289 278) 231 £ 128 MBH) EGI 1045 200-250 
Mean voided volume 
during night (ml) 450 + 189 300 + 50 ove) ae Ie) 438 300—400 
Mean voided volume 
in 24 hours (ml) 1962 1442 1400-1800 


with a mean age of 48 years.'? They did not detect any 
significant difference between premenopausal and post- 
menopausal women. A total of 14 men were tested, and 
their results were 2 times lower than those obtained in 
women (0.5 vs 0.25 g), indicating that vaginal secretions 
account for half of the weight gain." 

In summary, the short-term pad test has a mean value of 
approximately 0.3 g, while the long-term pad test has an 
average value varying between 3 and 4 g per 24 hours. (For 
more details, see Chapter 35.) 


Voiding diary 


To objectively measure subjective complaints of lower 
urinary tract symptoms, patients are asked to complete a 
voiding diary. The most commonly used is the frequency— 
volume chart, which provides maximum information to 
physicians. It records the number and timing of inconti- 
nence and micturition episodes along with the amount of 
urine voided. '* 


Women 


These parameters have been studied in normal, healthy 
subjects without any urinary symptoms. Most investiga- 
tions have dealt with women. Kassis and Schick evaluated a 
group of 33 asymptomatic women who volunteered to 
complete a frequency—volume chart over 7 days." Daytime 
frequency was about 6 times (5.63 + 1.26), and mean total 
voided volume (VV) per 24 hours was 1473 (+386) ml. 
Mean VV was 237 (+67) ml during the day, and 379 (+132) 
ml during the night. Voiding frequency at night was 0.08 
(+0.16) with a night/day diuresis ratio of 0.81 (+0.30).'° 
Huang et al analyzed the 3-day voiding diary of 68 healthy 
Taiwanese women. Their total daily voiding frequency was 


7.34 (+1.63) times with a night-time voiding frequency of 
0.25 (+0.31), the 24-hour VV was 1634 (+652) ml, and the 
night-time to whole day urine volume ratio was 0.24. Mean 
VV for each void was 225 (+81) ml.'° Boedker et al 
reported comparable findings in a subset of 123 women 
with regard to voiding frequency (5.7), total daily VV (1350 
ml), and mean VV (380 ml).!” Fitzgerald and Brubaker 
presented results from an interesting study looking at the 
variability of 24-hour voiding diary parameters among 137 
asymptomatic women. Subjects voided a median of 8 times 
per 24 hours in the first diary, and 7 times in the second 
diary. Total 24-hour voided urine volume was 1580 ml in 
the first and 1485 ml in the second diary. Also, mean VV 
was 195 ml in the first and 197 ml in the second diary.!® 

A larger investigation by Van Haarst et al recruited 1152 
asymptomatic subjects aged over 20 years to complete a 24- 
hour frequency—volume chart." They observed a 24-hour fre- 
quency decline in women of older decades, ranging from 6.9 
in the third decade to 8.2 in the sixth decade. The frequency of 
nocturia increased with age, from 0.7 in the third decade to 1.4 
in women aged more than 70 years. Mean VV decreased from 
274 to 240 ml, and 24-hour VV was 1762 ml.” 

In summary, normal voiding frequency varies between 5 
and 8 times per 24 hours with total urine volume between 
1350 and 1800 ml. Mean VV ranges approximately between 
200 and 350 ml (Table 42.1). 


Men 


In the previously-cited study by Boedker et al, the same 
parameters were examined in 102 healthy men aged between 
14 and 69 years.'’ The median frequency of micturition was 
5.6, total VV was 1450 ml, and median bladder capacity was 
400 ml. Two hundred and eighty-four asymptomatic males 
participated in an investigation by Latini et al, where they 
were asked to complete the IPSS (International Prostate 
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Figure 42.1 
The normal shape of the flow rate curve with frequently measured 
parameters. Produced with permission from reference 19a. 


Symptom Score) and a 24-hour voiding diary.” Subjects 
voided a median of 7 times in 24 hours, with a total urine 
volume of 1650 ml; mean VV was 237 ml.” 

Van Haarst et al determined that there was a linear rise 
with age in 24-hour voiding frequency and nocturia in 
men, ranging respectively from 6.0 and 0.5 in men in the 
third decade to 8.5 and 1.6 in men aged over 70 years. 
Mean VV decreased from 313 to 209 ml, and mean 24-hour 
VV was 1718 ml.” 

To summarize, men void at a frequency between 5 and 7 
times per day with a mean volume per void of between 200 
and 350 ml. The average 24-hour VV ranges approximately 
between 1450 and 1700 ml. For more details on voiding 
diaries, see Chapter 34. 


Flowmetry and postvoid 
residual volume 


Flowmetry is the test that evaluates several parameters that 
vary considerably with gender and age, such as maximal 


flow rate (Qnax), average flow rate (Q,,.), and voided 
volume (VV) (Figure 42.1 and Table 42.2). 


Women 


Haylen et al constructed the Liverpool nomograms based 
on the maximum and average flow rates of normal volun- 
teers.?! Their study included 331 males (average age 49 
years) and 249 women (average age 32 years). In women, age 
and parity did not influence flow rates. Different parameters 
were reported by Pfisterer et al in a group of 24 pre-, peri-, 
and postmenopausal, healthy female volunteers who 
underwent uroflowmetry.”” The Qmax was 25, 32, and 23 
ml/s, respectively. VV was 225, 335, and 264 ml, respec- 
tively. PVR in all groups was below 20 ml. In an interest- 
ing study, Unsal and Cimentepe assessed differences in 
flowmetry in various positions among 72 healthy male 
and female volunteers.” In the 36 women of this group 
(mean age 32 years), Qmax Values were 28.09 (+0.66) ml/s 
in the sitting and 27.98 (+0.59) ml/s in the crouching 
position. Qae was 18.26 (+0.36) ml/s in the sitting and 
17.31 (+0.35) ml/s in the crouching position. Mean VV 
and PVR values were 331.8 (£13.28) ml and 11.82 (+0.99) 
ml in the sitting position, and 326.9 (£12.87) ml and 12.79 
(+£1.07) ml in the crouching position, respectively. 

A group of 140 healthy Thai subjects was divided into 
two subgroups according to age (18-30 years and 50-60 
years).”4 Women had a higher Qmax (32.5 + 10.0 vs 27.8 + 
8.0 ml/s) and Qe (23.5 + 8.1 vs 19.8 + 5.8 ml/s) than men. 
PVR was less than 50 ml in all subjects. In summary, Qe in 
women ranges from 17 to 24 ml/s, and Qmax ranges from 23 
to 33 ml/s, depending on age. Regardless of age, PVR 
should not exceed 50 ml in asymptomatic women. 


Men 


We completed a study of uroflowmetry parameters in 31 
male, asymptomatic, middle-aged urologists.” Qmax and 
Qave Were, respectively, 20.5 ml/s (SD = 3.9) and 14.3 ml/s 


Normal range of uroflowmetry parameters 


Wyndaele? Jensen et al” Pfisterer et al” 
——— aaa n=13 males n= 24 women 
Male Female Mean age 61 years Mean age 50 years 
Voided volume (ml) 337-7 3375 210 264 
Quay (ml/s) 24.4 30.5 15.7 26 
Qwe (ml/s) 13.6 AS) 7.8 
Flow time (s) 26 26 25 
Residual urine (ml) 19 19 20 20 
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(SD = 3.0). VV was 331.9 ml (SD = 94.8) with a voiding 
time of 32.7 s (SD = 15.5). Unsal and Cimentepe assessed 
uroflowmetry parameters in 36 young males (mean age 30 
years). Qmax and Qae respectively varied between 23.28 and 
24.29 ml/s, and between 15.56 and 15.81 ml/s. Mean VV 
and PVR values ranged between 297.5 and 309.9 ml, and 
between 12.92 and 14.02 ml, respectively.” Schmidt et al 
conducted ambulatory urodynamic studies on 39 asymp- 
tomatic male volunteers with a mean age of 25.8 years.” 
The men were divided into two groups according to water 
consumption: group 1 with a water consumption of 30 ml/ 
kg daily, and group 2 with a water consumption of 60 ml/ 
kg daily. There were no significant differences between the 
two groups in Qmax (24.4 + 1.3 to 25.2 + 1.8 ml/s) or VV 
(286 + 20 to 329 + 15 ml). Haylen et al demonstrated that 
men showed a decline of 1.0 to 1.6 ml/s/10 years in maxi- 
mum urine flow rate and a decrease of 0.6 to 1.0 ml/s/10 
years in average urine flow rate.”! 

Tong evaluated uroflowmetry in a group of 20 males aged 
over 60 years and recorded values of Qmax between 24.2 and 
27.1 ml/s and of Qe between 14.9 and 17.2 ml/s.” VV var- 
ied between 338 and 532 ml. Jorgensen et al reported, in a 
group of asymptomatic men, that median Qmax decreased 
from 18.5 ml/s at age 50 years to 6.5 ml/s at age 80 years.”8 

To summarize, Qae in men ranges between 14.3 and 
17.2 ml/s, and Qmax ranges between 20.5 and 27.1 ml/s. The 
latter values seem to decrease with age. VV varies between 
250 and 550 ml, and PVR is less than 15 ml. 


Cystometry during the filling 
phase 


During the filling phase, abdominal and bladder pressures 
are recorded via rectal and urethral catheters, respectively, 
whereas detrusor pressure is calculated by subtracting 


Voiding 
phase 


<< Filling/storage phase ~ > 


Pressure 


Volume 


Figure 42.2 

The normal cystometrogram curve has four phases: (I) an initial 
pressure rise to achieve resting bladder pressure; (II) the tonus 
limb, which reflects the viscoelastic properties of the bladder 
wall; (III) bladder wall structures achieving maximal elongation 
and pressure rise caused by additional filling (this phase should 
not be encountered during cystometry); and (IV) the voiding 
phase, representing bladder contractility. Reproduced with 
permission from reference 19a. 


abdominal pressure from bladder pressure. Baseline 
abdominal and bladder pressures are 5—20 cmH,O in the 
supine position, 15-40 cmH,O in the sitting position, and 
30-50 cmH,0 in the standing position.” Detrusor pressure 
in an empty bladder varies between 0 and 10 cmH,O in 
90% of cases. Normal abdominal pressure is 37 + 7 cmH,O 
during filling and 35 + 9 cmH,O during voiding. Normal 
detrusor pressure during bladder filling should be less than 
25 cmH,0.*° Several parameters are recorded during the 
filling phase, including bladder sensation, compliance, 
detrusor function, maximum cystometric bladder capacity, 
and urethral sphincter activity (Figure 42.2 and Table 42.3). 


Normal reported cystometric parameters during filling in both males and females 


Parameter Wyndaele*! Pfisterer et al” Normal range 
No of volunteers 38 24 
Mean age 24 50.2 
First sensation (ml) 253 107 100-250 
First desire to void (ml) 326 188 200-330 
Strong desire to void (ml) 563 372 350-560 
Bladder compliance (ml/cmH,0) 
Men 56.1 
Women 70.9 119 250 
Detrusor activity Stable Stable 
MCC (ml) 450-550 
Men 552 
Women 453 580 


MCC, maximum cystometric capacity. 
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Normal bladder compliance” (Reproduced with permission) 


Definition 


Comment 


Compliance index:’” Volume (ml)/detrusor pressure (in cmH,O) 
at bladder capacity 


Compliance:’* Volume (ml)/1 cm H,O 
Compliance:” Detrusor pressure (CmH,O)/100 ml 


Compliance: detrusor pressure at capacity minus 
detrusor pressure at empty bladder 


Sensation 


Wyndaele studied bladder sensations in 38 normal volun- 
teers by cystometry.*! He described three patterns of nor- 
mal bladder sensation: the first sensation was bladder 
filling, the first desire, and then the strong desire to void. 
The latter sensation was equivalent to cystometric bladder 
capacity. The first sensation occurred at 40% (253 ml) of 
bladder capacity, while the first desire occurred at 60% 
(326 ml) of bladder capacity, which was about 563 ml. 
Furthermore, he reported that the volumes in all three 
types of sensation were smaller in women. Also, bladder 
sensation could be assessed by measurement of the electri- 
cal sensory threshold (EST). Normal EST should be less 
than 15 mA.» 


Compliance 


Normal bladder compliance values are between 30 and 
100 ml/cm. They are higher in women than in men.” Low 
normal bladder compliance values are below 30 ml/cm*? 
(see Table 42.4). 


Detrusor stability during filling 


During bladder filling, the absence of involuntary detrusor 
contractions is considered to be normal and is defined as a 
stable detrusor.**? Uninhibited detrusor contractions 
occurred in 10-18% of asymptomatic volunteers, but 
should be evaluated further because they may indicate an 
underlying pathology.’ 


Maximum cystometric capacity 


Normal cystometric bladder capacity can vary widely, but 
is normally between 300 and 550 ml, with higher values in 
men than in women.’ 


Normal = 20 to 100 (with bladder capacity > 650 ml) 
Low = $20 
High = >100 


Normal = 30 to 55 
Capacity = 300-500 ml 


Normal =<10 
Low = 210 


Normal = < 20 cmH,O 


Leak-point pressure 
Detrusor leak-point pressure 


Leak-point pressure (LPP) is the value where bladder 
pressure leakage occurs. The rise in bladder pressure can be 
secondary to a rise in detrusor pressure that is related to 
detrusor overactivity or impaired compliance. The value 
assessed is, therefore, referred to as detrusor leak-point 
pressure (DLPP). This value is of great importance because 
detrusor pressure at leakage reflects the resistance the 
urethra can offer to the bladder mainly by the action of the 
striated sphincter. A high DLPP is of clinical relevance as it 
can jeopardize upper urinary tract function. McGuire et al 
followed the clinical urodynamic progress of 42 myelo- 
dysplastic children and found that those with a DLPP of 
40 cmH,O or more developed upper tract damage if not 
treated.’ 

Patients with normal detrusor compliance and without 
overactivity or outlet resistance will not experience a rise in 
detrusor pressure to dangerous levels. Detrusor pressure 
will rise at the initiation of voiding and decrease thereafter 
when the sphincter relaxes and the bladder empties. 
Therefore, abnormal detrusor pressure values will be seen 
in patients suffering from neurogenic bladder dysfunction 
(e.g. detrusor-sphincter dysynergia, or DSD), but also in 
patients with infravesical obstruction.*® 


Abdominal leak-point 
pressure 


Increased abdominal pressure can also be elicited by a rise 
in abdominal pressure (with the Valsalva maneuver or 
during coughing). Abdominal leak-point pressure (ALPP) 
measures the ability of the urethra to resist abdominal 
pressure as an expulsive force, in the absence of detrusor 
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contraction. This test assesses the severity of stress urinary 
incontinence (SUI) and may be useful in detecting intrin- 
sic sphincter deficiency (ISD). In normal individuals, no 
abdominal pressure increase should cause incontinence. 
Therefore, there is no ‘normal ALPP’. However, studies have 
tried to determine a cut-off between patients with or with- 
out ISD. Using videourodynamics, McGuire et al deter- 
mined that 80% of women with Valsalva leak-point 
pressure (VLPP) below 60 cmH,O had type III SUI.” 
They also demonstrated that VLPP values higher than 
90 cmH,O can rule out ISD. In fact, in women suffering 
from SUI without genital prolapse, a high ALPP of 100 
cmH,O or more is usually associated with urethral hyper- 
mobility. Those with values of between 60 and 100 cmH,O 
have features of both ISD and hypermobility.” 


Pressure—flow in men 


A pressure—flow (P/Q) study simultaneously measures 
detrusor pressure and flow rate during voiding. P/Q 
assessment is considered to be the gold standard for quan- 
tifying and grading bladder outlet obstruction (BOO) and 


detrusor contractility.* P/Q data can be plotted on 
pressure—flow nomograms to classify patients as being 
either obstructed or not obstructed, and, at the same time, 
to grade the severity of obstruction. Different types of 
nomograms have been developed. The most commonly 
used in clinical practice are the Abrams-—Griffiths (AG) 
nomogram, the Schafer nomogram, the urethral resistance 
factor (URA), and the ICS nomogram.* These nomo- 
grams have a good prognostic value in predicting the out- 
come after prostatectomy.**** During P/Q assessment, 
several parameters are recorded, including opening detru- 
sor pressure (Pact open)» Maximum detrusor pressure 
(Pet.max)» detrusor pressure at maximum flow (Paet Qna) 
minimum detrusor pressure during voiding (Pact min.voia)> 
Qmaw VV, and PVR (Figure 42.3). In normal patients, P/Q 
shows low pressure generating high flow, which indicates 
that there is no obstruction and that detrusor function is 
normal.” Normal Pye.q,,,, i men ranges between 47 and 
58 cmH,0.”° 

Walker et al analyzed P/Q data on 24 asymptomatic vol- 
unteers with a mean age of 62.5 years.“ They found that 14 
of the volunteers (58%) fell in the nonobstructed zone 
according to the ICS nomogram and had grade 0-1 for 
the Schafer nomogram, correlating with an absence of 
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Normal reported P/Q parameters in men 


Wyndaele? Schmidt et al% (group 1) Walker et al“ Normal range 

Paet. open (CMH,O) 51.2 +3.2 43.7417 40-50 
CETO) 32.5423 30 
Paet max (CMH,O) 58.9 + 4.5 60 
Bieron EmO) 47.9 EED 49.4 + 26 50 
Maximum contractility 15.4 + 1.4 15 
Quay (ml/s) 16.6 24.4414 17.9417 16-25 
Voided volume (ml) 541.3 286 + 20 254+121 250-550 
PVR (ml) 197 iSl ae l 15-20 
BOOI iff ae 3} S17 
LinPURR Grade 0-I 
URA <20 
BCI 100-150 


Pact opens Opening detrusor pressure; P det min.voio Minimal voiding detrusor pressure; Pye, max Maximum detrusor pressure during 
voiding; P4.1.q,,,, detrusor pressure at maximum flow; Q,,.;, maximum flow rate; PVR, postvoid residual urine; BOOI, bladder 
contractility index; LinPURR, linear passive urethral resistance relation; URA, urethral resistance factor; BCI, bladder contractility 


index. 


obstruction. The AG number was —11 + 11.7 (Qmax 23 + 
5.3 ml/s and PVR 14.5 + 17 ml). 

Schmidt et al undertook ambulatory urodynamic and 
P/Q measurements of 39 asymptomatic male volunteers 
(mean age 25.8 years) divided into two groups according to 
water consumption regimens per day: 30 ml/kg/day in 
group 1 and 60 ml/kg/day in group 2. They observed 
that Pyetmax occurred before the onset of urine flow. 
Furthermore, both detrusor pressure and detrusor con- 
tractility increased with augmented water consumption 
and urine production.’ Wyndaele attempted to define 
what can be considered as normal parameters by urody- 
namic study in 38 healthy adult volunteers (28 men and 10 
women) with a mean age of 24 years. Free flow rate, water 
cystometry, and P/Q assessment were undertaken for all of 
them. Micturition bladder pressure was higher in men than 
in women, reflecting higher outflow resistance in men, but 
detrusor pressure was not statistically different between the 
sexes. Flow time was significantly longer and maximum 
flow rate was significantly lower during P/Q evaluation 
than during free flow rate measurement in both sexes. 
There was no residual urine at all in the majority of volun- 
teers, but 6 men and 3 women had less than 50 ml residual? 
(Table 42.5). 


The AG nomogram 


The AG nomogram was described by Abrams and Griffiths 
in 1979. It can be calculated from two parameters generating 


P/Q data: Pac.g,,, aNd Qmax- Both are plotted on a graph 
which separates patients into three categories: obstructed, 
equivocal, and unobstructed.’ The ICS recommended 
this type of nomogram to diagnose BOO in older men.” 
Lim and Abrams introduced the AG number, now known 
as the bladder outlet obstruction index (BOOI), which can 
be calculated by the following equation: AG number = 
Piet. Omax ~ (2*Qmax)-**° According to the BOOI, the ICS 
nomogram can be divided into three zones. A BOOI 
greater than 40 indicates obstruction, between 20 and 40 is 
within an equivocal zone, and below 20 rules out obstruc- 
tion. The latter category suggests that patients are poten- 
tially normal or that their symptoms are secondary to 
detrusor hypocontractility” (Figure 42.4). 


Linear passive urethral resistance 
relation 


On Schafer’s P/Q diagram, BOO can be classified into 
seven categories: 0-I = normal or no obstruction, II = mild, 
IH-IV = moderate, and V-VI = severe obstruction. 
Furthermore, the zone where P4e.q,,,, falls can characterize 
detrusor muscle strength (strong, normal, weak, or very 
weak). Linear passive urethral resistance relation 
(linPURR) was introduced later on by Schafer in 1990 by 
manually drawing a straight line between the minimal ure- 
thral opening pressure (Pry) and Paet.Qmay According to 
the linPURR nomogram, men with P,,, less than 20 
cmH,O and Pyeg,,,, more than 20 cmH,O have normal 
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Provisional International Continence Society nomogram for 
analysis of voiding divides patients into three classes according 
to the bladder outlet obstruction index (BOOI) = (Pyeig,,,, ~ 2Qmav)- 
Reproduced with permission from reference 19a. 


detrusor function and no obstruction.’?°° The upper nor- 
mal limit for voiding detrusor pressure is 33 cmH,O” 
(Figure 42.5). 


Urethral resistance factor 


The urethral resistance factor (URA) can be calculated 
from any simultaneous pressure and flow values during 
voiding. It should remain constant throughout voiding 
regardless of the values used for calculation. Patients with 
URA greater than 29 cmH,O are classified as obstructed, 
those with URA between 21 and 29 cmH,0 are equivocal, 
and those with URA below 21 cmH,0O are unobstructed or 
normal.’ 


Detrusor contractility 


Detrusor contractility is derived from parameters such as 
the maximal pressure and amplitude slope during isovolu- 
metric detrusor contraction as well as the duration of con- 
traction. Detrusor contractility increases with the severity 
of outlet obstruction.” Schafer’s nomogram obtains the 
bladder contractility index (BCI) with the following for- 
mula: BCI = Pdet.Qnax + 5Qmax: If the BCI is more than 150, 
the detrusor is considered strong, between 100 and 150, it 
is normal, and below 100, it is weak. Detrusor contractility 
can also be assessed by the linPURR nomogram” (Figure 
42.6). Furthermore, it can be evaluated by estimating blad- 
der voiding efficiency (BVE) according to the formula: 
BVE = (VV/total capacity)* 100; 75% and above is consid- 
ered to be normal.“ The BOOI and the BCI can also be cal- 
culated from the composite nomogram suggested by 
Abrams” (Figure 42.7). This nomogram is a combination 
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Figure 42.5 

Schafer nomogram. The plot indicates that the patient has a 
grade III severity of obstruction and that the patient has normal 
detrusor contractility. Reproduced with permission from 
reference 19a. 
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Bladder contractility nomogram divides patients into three 
categories according to the bladder contractility index 
(PdctOmay + 2Qmax)- Reproduced with permission from reference 19a. 


of the ICS nomogram and the bladder contractility nomo- 
gram, classifying patients into 9 zones and 6 groups 
according to the BOOI and the BCI. Patients in zones 1 and 
2 are considered normal.” 


Pressure—flow in women 


Blaivas and Groutz studied 50 women with BOO (mean 
age 65 years) and 20 normal controls (mean age 67 years) 
by videourodynamic assessment.** The pressure—flow 
(P/Q) parameters recorded in the control group were: free 
Qmax 24.4 + 8.8 ml/s, Qmax 13.3 + 6.3 ml/s, Pact Quy, 17-9 + 
7.5 cmH,0, Pact max 22.2 + 9.2 cmH,0, VV 312 + 131 ml, 
and PVR 103 + 100 ml. These authors described a nomo- 
gram which can be used to diagnose BOO in women 
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Figure 42.7 

The composite nomogram allows categorization of patients into 
nine zones and therefore six groups according to the bladder 
outlet obstruction index and the bladder contractility index. 
Reproduced with permission from reference 19a. 


(Figure 42.8). Two parameters are needed to construct this 
nomogram: free Qmax and Paetmax: Free Qmax Was preferred 
to Qmax during P/Q because Pueg,,,, Ad Qmax Cannot be 
evaluated if the patient does not void during the test. The 
Blaivas nomogram consists of four zones which classify 
patients into four categories: zone 0 (normal or no 
obstruction), zone 1 (mild obstruction), zone 2 (moderate 
obstruction), and zone 3 (severe obstruction).*’ Defreitas 
et al investigated 169 females with BOO and 20 asympto- 
matic volunteers by P/Q assessment.” They reported 
normal Qmax and Péet.g,,, aS 16 ml/s and 24 cmH,0, 
respectively, in the asymptomatic group. The cut-off values 
to detect BOO for Puc.g,,,, ANd Qmax Were 25 cmH,O and 
12 ml/s, respectively, with sensitivity, specificity, and accu- 
racy of 68%.” Chassagne et al obtained similar results 
earlier on. Qmax <15 ml/s and Pye.g,,,, >20 cmH,0 are rea- 
sonable P/Q parameters to diagnose female BOO.” 
Brostrom et al undertook a cystometry and P/Q study in 30 
normal female volunteers with a mean age of 52 years.” 
Two sets of measurements were recorded in all. They found 
that, between two repeated measurements, there was a sta- 
tistically significant increase in first desire to void (171 ml 
and 205 ml) and normal desire to void (284 ml and 351 ml) 
with a decrease in bladder opening pressure, whereas no 
change was noted in maximum cystometric capacity (572 ml 
and 570 ml). Other parameters are listed in Table 42.6. 


Urethral pressure profile 


The urethral pressure profile (UPP) is a urodynamic test 
that quantifies the occlusive pressure generated by active 
and passive structures of the urethra, and allows the evalu- 
ation of urethral competence. UPP can be measured when 
the bladder is empty (resting UPP), during coughing or 
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Figure 42.8 
Bladder outlet obstruction nomogram for women. Reproduced 
with permission from reference 54. 


straining (stress UPP), or during the voiding phase (void- 
ing UPP). Urethral pressure rises in ‘normal’ healthy indi- 
viduals with increasing bladder volume. This is the 
so-called ‘guarding reflex’. It also rises in the erect position. 
However, continuous recording of maximal urethral pres- 
sure (MUP) has shown variations and oscillations between 
10 and 25 cmH,0.'* Maximum urethral closure pressure 
(MUCP) above 20 cmH,O is considered hypotonic, 
whereas MUCP values above 75 cmH,O for women and 90 
cmH,O for men are deemed hypertonic. Sorensen et al 
analyzed urethral pressure variations in 10 healthy fertile 
female volunteers (mean age 32 years) and 12 healthy post- 
menopausal volunteers (mean age 58.7 years).°* In the fer- 
tile group, they observed that mean maximum urethral 
pressure (mMUP) and mean maximum urethral closure 
pressure (mMUCP) had median values of 66.5 and 60 
cmH,0, respectively. Postmenopausal women had signifi- 
cantly lower mMUP and mMUCP: 55.5 and 43.5 cmH,0, 
respectively. Van Geelen et al studied 27 nulliparous 
healthy women between the ages of 19 and 35 years and 
found mMUP of 98 + 17 cmH,0O in the supine position, 
with mean urethral closure pressure of 84 + 18 cmH,0.°° 
Pfisterer et al examined bladder function parameters 
in pre-, peri, and postmenopausal continent women, 
discerning mMUCP values of 94, 74, and 42 cmH,O 
and functional urethral lengths of 3.3, 3.3, and 3.5 cm, 
respectively.” 

Stress UPP measures the rise in intra-abdominal pres- 
sure transmitted to the proximal urethra. In normal 
women without urethral hypermobility, the increase in 
intravesical pressure and in proximal urethral pressure 
should be similar. If this is not the case, different patholo- 
gies may be postulated. The pressure transmission ratio is 
a different parameter, recording the increment of urethral 
pressure with stress as a percentage of intravesical 
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Normal reported P/Q parameters in women 


Blaivas and Normal 

Brostrom et al?” Groutz™* Pfisterer et al” Defreitas et al? Chassagne et al”® range 
No of patients 30 50 24 20 124 
Mean age 52 64.4 50.2 
Quay (ml/s) 25 13.3 22 12 15 12-25 
Qae (ml/s) 12 12 
TQ (s) 67 60-70 
Pet open (CMH,O) 22 22 
Paera,,,, (CMH,O) 30 17.9 27 24 20 18-30 
Paetmar (CMH,O) 46 22.2 44 22-46 
Voided volume (ml) 651 312 264 250-650 


Qmax Maximum flow rate; Qave average flow rate; TQ, flow time; Pye. opens Opening detrusor pressure; Py.» detrusor pressure at 
maximum flow; P4etmax» Maximum detrusor pressure during voiding. 


pressure elevation. In normal women, this value should 
exceed 100.°° 


Kinesiologic EMG of the pelvic 
floor and sphincter 


Kinesiologic measurements are recorded during urody- 
namic study to assess the integrity of perineal muscle 
innervation. They can be taken with the application of 
electrodes. The most commonly used are surface and con- 
centric needle electrodes. Concentric needle electrodes 
offer a more precise technique, but surface electrodes are 
more convenient and comfortable for patients, all the while 
providing an excellent signal source for EMG if placed 
appropriately after proper skin preparation.*! 

At the beginning of cystometry and during bladder fill- 
ing, baseline EMG activity of the external urethral 
sphincter (EUS) has a low frequency and amplitude if the 
patient is completely relaxed in the supine position. 
When the bulbocavernosus reflex test is done by squeez- 
ing the glans of the penis or clitoris, EMG activity at the 
EUS level is increased, indicating that the sacral reflex arc 
is intact. 

Furthermore, when intra-abdominal pressure rises dur- 
ing coughing, sneezing, or straining, the EUS contracts and 
EMG activity is amplified. This condition should be differ- 
entiated from DSD by asking the patient to not hold urine. 

Normally, EMG activity from the EUS at rest is low. It 
intensifies as fluid volume in the bladder grows, during 
bladder filling, due to EUS contraction. It is known as the 
guarding reflex, as already mentioned in relation to UPP. 
During voiding, EMG activity disappears completely for a 


few seconds before detrusor contraction starts. Once the 
bladder is empty, EMG activity resumes.*'°? 


Neurourologic tests in clinical 
practice 


Electrophysiologic tests are complementary imaging stud- 
ies of sacral dysfunction. They explore the urogenital 
region and are useful in evaluating incontinence, erectile 
dysfunction, and anorectal dysfunction. They give signifi- 
cant information when a lower motor neuron lesion is 
present.” Action potentials generated during sphincter 
activity can be recorded with specialized needle electrodes 
inserted in the muscle (Table 42.7).© 


Concentric needle EMG of the pelvic 
floor and sphincter muscle 


Concentric needle EMG (CNEMG) is the method of 
choice to evaluate muscle innervation because a wider 
range of information from several striated muscles can be 
assessed.°* EMG of the external anal sphincter (EAS) is the 
most practical test to study the lower sacral nerves.°-°’ 
CNEMG of the pelvic floor and EAS muscle allows the 
quantitative analysis of motor unit potentials (MUPs) and 
qualitative assessment of interference patterns (IPs). 
MUP measurement includes amplitude, duration, area, 
number of phases and turns, rise time, duration of negative 
peaks, and mean frequency of firing.®* IP investigation 
comprises the number of turns/s, amplitude/turn, percent 
activity, number of short segments, and envelope vs 
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Normative data for sacral reflex measurement in men as reported in the literature (modified from Podnar’) 


Number Muscle examined Mean + SD Author 
Single electrical stimulation 
Reflex latency (ms) EUS 
14 e Needle 33 +3.9 Vodusek et alë! 
19 e surface 27.9 + 5.4 Desai et al? 
BG 
60 e Needle 32.3 + 3.9 Vodusek et alë! 
1) e Surface 30.7442 Perretti et al®? 
EAS 
14 e Needle 35.34 4.6 Vodusek et al*! 
19 e surface AB Mae 7) Desai et alë? 
49 Penilo-cavernosus reflex 29.88 + 5.65 Podnar®? 
Sensory threshold (mA) 40 Penilo-cavernosus reflex T 32 DIS Podnar®? 
Mechanical stimulation 
Reflex latency (ms) 42 Penilo-cavernosus 28.16 +5.8 Podnar®® 
22 bulbocavernosus muscle left: 31.6 + 4.5 Amarenco et al” 
right: 31.6 + 3.8 
18 EUS 39.144 Dykstra et al** 


EUS, external urethral sphincter; BC, bulbocavernosus muscle; EAS, external anal sphincter. 


percent activity.” During relaxation, MUP activity is low, 
and IP values are equal to zero. During contraction, both 
activities are increased. There is no significant effect of 
gender and age on MUP/IP.” 


Single-fiber EMG 


Single-fiber EMG (SFEMG) records the action potential of 
a single muscle fiber. In normal muscles, SFEMG quantifies 
potentials from 1-3 single muscle fibers belonging to the 
same motor unit. It is a useful test to diagnose lower motor 
neuron lesions and non-neurogenic urinary retention.° 


Sacral reflexes 


The aim of this test is to assess the sacral reflex arc. 
Electrical, mechanical, or magnetic stimulation can be 
applied to the penis or clitoris to elicit sacral reflexes.>””! 
Such studies are useful to detect damage to myelin and 
axons within the peripheral sacral reflex arc. For more 
details on electrophysiologic evaluation, see Chapter 43. 


Summary 


Urodynamic tests are useful tools to evaluate lower urinary 
tract dysfunction. They are gold standard tests for the diag- 
nosis of BOO and urinary incontinence. Urodynamic eval- 
uation is a good predictor of outcome after therapeutic 


interventions. Urodynamic normality in healthy popula- 
tions is not well known and illustrates a wide variety of 
data and patterns. Several important parameters, such as 
age, sex, and body mass index, affect urodynamic values, 
rendering it more challenging to define precise, normal 
values derived from tests performed on patients. 

Mathematic models and simulation may help in the 
future to generate more data on normality, but additional 
studies on healthy volunteers must be encouraged before 
then to gather more information. 
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Electrophysiologic evaluation: basic principles and 


clinical applications 


Simon Podnar and Clare J Fowler 


Introduction 


Electrophysiologic methods record bioelectrical potentials 
generated by excitable cell membranes. When applied in a 
clinical setting to recordings from nerves and skeletal mus- 
cle these tests are often referred to as clinical neurophysio- 
logic studies. Clinical neurophysiologic methods are well 
established, and have been used in clinical practice for 
more than half a century. 

Neurophysiologic techniques have so far been applied to 
the sacral nervous system mostly for research purposes, but 
they have also been proposed for everyday diagnostics in 
selected groups of patients. The WHO Consensus on 
Incontinence stated that ‘electrophysiologic assessment is 
useful in selected patients with suspected peripheral ner- 
vous system lesions such as lower motor neuron (LMN) 
lesions, patients with multiple system atrophy (MSA), and 
also in women with urinary retention.? 

The emphasis of this text is on clinically useful and 
established electrophysiologic tests, which are of diagnostic 
value in individual patients, with neurogenic bladders. 
Concentric needle electromyography (CNEMG) and sacral 
reflex testing will be discussed in detail. Other tests, not 
considered to be of clinical value in the diagnosis of indi- 
vidual patients, will be briefly described. For more detailed 
description of these research-type clinical uroneurophysi- 
ologic tests, reference to other reviews is recommended.' 


Electrophysiologic tests in 
assessment of patients 


General remarks 


A particular diagnostic test should be considered in a 
patient when the information it may provide is expected to 
significantly affect further treatment and/or clarify prog- 
nosis. Clinical neurophysiologic findings consistent with 


a motor neuron 

MSA 

Conus medullaris lesions 
Spinal dysraphism 


Sacral plexus 


External anal sphincter muscle 


Figure 43.1 

Schematic drawing of the sacral reflex arc. The sacral spinal 
cord, with sensory (afferent) root entering posteriorly, and motor 
(efferent) root leaving anteriorly, is shown. Although not shown 
here, below the lower end of the spinal cord (conus medullaris) 
lumbar and sacral spinal roots travel for several segments within 
the spinal canal before leaving it (cauda equina). An enlarged 
alpha motor neuron with facilitatory (+) and inhibitory (-) 
suprasegmental influences is also shown. MSA, multiple system 
atrophy. 


the diagnosis of ‘a neurogenic bladder’ can be found in 
patients with established diagnosis of neurologic disease 
but in these circumstances add little to the case. However, 
in patients being investigated for bladder symptoms of sus- 
pected neurologic origin, neurophysiologic studies may 
reveal evidence of neural damage and thus point to neuro- 
logic diagnosis.” 

Basically, in neurologic disease affecting the bladder, 
two main patterns of abnormalities can be found: the 
LMN and the upper motor neuron (UMN) pattern (see 
below). These are respectively due to lesions of the ante- 
rior horn cell (i.e. alpha motor neuron) spinal root, and 
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Unique information provided by electrophysiologic tests 


Information Structure Method Finding 
Integrity preserved The lower motor neuron CNEMG Absent spontaneous denervation activity; 
continuous MUP firing during relaxation 
Lower and upper CNEMG Dense IP on voluntary activation 
motor neuron 
Sacral reflex arc CNEMG Dense IP on reflex activation (touch) 
Sacral reflex Brisk response of normal latency 
Somato-sensory pathways Pudendal SEP Normal shape and latency of responses 
Localization of lesions Root versus plexus/nerve CNEMG Paravertebral denervation activity in neighboring 
myotomes 
SNAP Normal (penile) SNAP with impaired (penile) 
skin sensation 
Severity of lesions Complete versus partial CNEMG Profuse spontaneous denervation activity, 
absent MUPs 
Severe versus moderate Sacral reflex Response non-elicitable 
Type of lesion Conduction block CNEMG Absent/sparse spontaneous denervation activity 
versus axonotmesis 
Axonotmesis versus CNEMG Appearance of nascent MUPs after complete 
neurotmesis muscle denervation 


CNEMG, concentric needle electromyography; IP, interference pattern; MUP, motor unit potential; SEP, somatosensory evoked potentials; SNAP, 


sensory nerve action potential. 


Normal clinical neurologic examination and appropriate electrophysiologic testing (see Method column) document preserved neural integrity — other 
causes for the sacral dysfunction should be sought. On the other hand, the electrophysiologic test abnormality in appropriate clinical setting supports 
and documents the clinical diagnosis of a neurologic lesion. The electrophysiologic studies can then often help to provide information about 
localization, severity, and type (mechanism) of the lesion. These factors are crucial for the assessment of prognosis. 


peripheral nerve in the case of a LMN lesion (Figure 
43.1) or due to damage of suprasegmental pathways in 
the central nervous system in the case of UMN lesions. 
Neurologic examination is very valuable in helping to 
make the distinction between these two conditions.” In 
very general terms a UMN lesion would be expected to 
be associated with detrusor overactivity, whereas an 
LMN lesion would be associated with bladder atonia 
(hyporreflexia), although this rule is by no means hard 
and fast.’ 

Electrophysiologic tests can be understood as an exten- 
sion of the clinical neurologic examination. The tests are 
seldom useful in patients with a completely normal neuro- 
logic examination, and are helpful only in patients in 
whom specific neurologic lesions are suspected.** In gen- 
eral, neurophysiologic tests may be used to elucidate those 
findings summarized in Table 43.1. Some of these proper- 
ties are relevant when applied to the striated muscle of the 
pelvic floor. 

Other physiologic tests used in evaluation of bladder 
disorders (measurement of postvoid residual, uroflow, cys- 
tometry, etc.) are different in that they test function and, as 
a consequence, can be regarded as complementary to sacral 
electrophysiologic testing. Similarly, neurophysiologic tests 
are complementary to imaging studies (ultrasound, com- 
puter tomography (CT), magnetic resonance imaging 


(MRI), etc.) of the lower urinary tract. Neurophysiologic 
tests, however, have limitations (Table 43.2). 


Clinical assessment before 
electrophysiologic evaluation 


Selected patients with urinary disorders should be referred 
to specialists, who will perform a focused clinical examina- 
tion of the lower urinary tract and anogenital region. To 
document and quantify patients’ complaints, and obtain 
additional data, functional investigations (measurement of 
postvoid residual, uroflow, cystometry) and imaging stud- 
ies might be considered. A neural lesion would be sus- 
pected, particularly in patients complaining of incomplete 
emptying of the bladder, or those with saddle sensory loss 
on clinical examination.’ Furthermore, uroneurophysio- 
logic evaluation would be considered in patients in whom 
urinary dysfunction is accompanied by bowel and sexual 
dysfunction.” 

At the beginning of each uroneurophysiologic evalua- 
tion, a focused history of the patients complaints must be 
taken, including questions about urinary, bowel, and sex- 
ual (dys)function. This is often the most valuable part of 
the investigation process. History of low back pain irradiating 
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The limitations of electrodiagnostic tests 


Limitations 
Uncomfortable 
Difficult localization e Multiple lesions 
e Proximal peripheral 
sacral lesions 
e Timing of investigation e Few abnormalities before 


several weeks postinjury 


Comments 


Without significant risks 


Proximal lesion masks distal on CNEMG, and distal 
lesion masks proximal on SNAP testing 


Paravertebral muscles are absent in the lower sacral 
segments 


e Less pronounced pathologic 


signs after a few months 


Tests do not reflect the function 
of the whole structure studied 


Low correlation with function 


No electrophysiologic parameter validated to 
measure weakness 


CNEMG, concentric needle electromyography; SNAP, sensory nerve action potential. 


to legs, and numbness and tingling in the saddle region, 
will point to a cauda equina lesion (Chapter 26). In older 
patients, inquiry about general movement slowness, 
disordered gait, tremor, and autonomic dysfunction 
(orthostatic hypotension, etc.) should be made to reveal 
extrapyramidal disorders such as Parkinson’s disease 
(Chapters 22, 23, 24). Dissemination of neurologic symp- 
toms in time and in neuroanatomic location (blurred 
vision, difficult gait, urinary and fecal urgency, etc.) sug- 
gests a diagnosis of demyelinating disease of the central 
nervous system (multiple sclerosis) (Chapter 27). 

As a minimum, at the beginning of each electrophysio- 
logic evaluation a brief neurologic examination should be 
performed, looking for signs of pyramidal (UMN) and 
peripheral nervous system (LMN) lesions (particularly in 
lower limbs), and also for extrapyramidal and cerebellar 
signs. Examination of the sacral region should in this set- 
ting include assessment of anal sphincter tone during rest, 
squeeze and relaxation (defecation attempt), sensation of 
touch and pinprick in the saddle area, and eliciting of the 
penilo-cavernosus (in men)‘ and anal reflex (bilaterally). If 
uroneurophysiologic tests are to be performed, a detailed 
explanation of the aims and methods of the electrodiag- 
nostic evaluation should be given to the patient. 


Innervation of the pelvic 
structures 


The nervous system is divided into two motor systems (the 
somatic and the autonomic), and the (somato)sensory sys- 
tem (Figure 43.2). Within a particular anatomic system we 
can distinguish central and peripheral parts. The central 
part includes the motor and sensory pathways contained 
within the brain and spinal cord (the central nervous sys- 
tem). The central nervous system also contains, at different 
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Figure 43.2 

Components of the somatic sensory and somatic motor systems 
and the electrophysiologic tests that evaluate them. Arrows on the 
motor (left) side indicate different stimulation sites (from above) of 
motor cortex, spinal roots and peripheral nerves (terminal motor 
latency test). Small circles on the sensory (right) side indicate 
different recording sites (from below) from peripheral nerve 
(sensory nerve action potential — SNAP), spinal roots/cord, and 
somatosensory cortex. (Note that for SNAP recording both distal 
stimulation and proximal recording” or reverse’! could be 
employed.) In addition, concentric needle electromyography 
(CNEMG) and single fiber electromyography (SFEMG) assess the 
lower motor neuron and muscle. Kinesiologic EMG evaluates the 
integrity of upper motor neuron and neurocontrol reflex arcs 
(Redrawn with permission from Vodušek DB.') 
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levels, interneuronal systems, which are important in 
neural ‘integrative functions’ (e.g. sacral spinal interneu- 
rons in the sacral reflex arc’). 

The motor system comprises a UMN (ze. all neurons 
participating in the supraspinal motor control), an LMN 
(innervating muscles and glands), and muscle. Cell bodies 
of the UMN lie in the motor cortex and other gray matter 
(nuclei) of the brain (including some brainstem nuclei) 
and connect directly or via interneurons to the LMNs of 
the spinal cord (and cranial motor nerve nuclei in the 
brainstem). The LMNs lie either in the anterior horns of 
the gray matter of the spinal cord (the somato-motor 
nuclei) or in the lateral horns of the spinal cord (the auto- 
nomic nuclei). The former innervate skeletal muscle, and 
the latter smooth muscle and glands. 

The somatosensory system can be divided into a periph- 
eral part (receptors and the sensory input into the spinal 
cord) and a central part (ascending pathways in the spinal 
cord and brain). Sensory fibers from the skin and those 
accompanying axons from alpha motor neurons are called 
somatic afferents. Those accompanying autonomic 
(parasympathetic or sympathetic) fibers are called visceral 
afferents. 


Somatic lower motor neurons 
of the sacral spinal cord 


Like other motor neurons, which innervate striated mus- 
cle, the alpha motor neurons of the sphincters lie in the 
anterior horn of the spinal cord in Onuf’s nucleus. Their 
axons are of large diameter and myelinated to allow rapid 
conduction of impulses and travel to the periphery in the 
cauda equina, the sacral plexus, the pelvic nerves, and 
the pudendal nerves (Figure 43.1). Within the muscle, the 
motor axon tapers and then branches to innervate muscle 
fibers. Each motor neuron innervates a number of muscle 
fibers — this constitutes the motor unit (MU). The inner- 
vation of healthy muscle is such that fibers, which are part 
of the same MU, are unlikely to be adjacent to one another, 
but are scattered in a checkerboard pattern. The diameter 
of the muscle area innervated by each lower sacral alpha 
motor neuron (MU territory) is probably smaller than that 
of many limb or trunk muscles. 


Primary sensory neuron 


Sensory receptors are the most peripheral part of the 
somatic and autonomic sensory neurons. Receptors code 
mechanical or chemical stimuli into bioelectrical activity — 
i.e. nerve action potentials which traverse the peripheral 
axon (within peripheral nerves and the sacral plexus), cell 
body within the spinal ganglion, and the central axon of 


the peripheral sensory neuron (within the cauda equina). 
In the spinal cord the central axon branches, with segmen- 
tal branches contributing in the reflex arc, and central 
branches (within the dorsal column) conveying sensory 
information to the brain. Both somatic and visceral parts 
of the sensory system are organized in this way. 

The simplified model of the neuromuscular system 
includes the autonomic system, divided into the sympa- 
thetic and the parasympathetic parts. 


Physiologic principles of 
electrophysiologic testing 


An excitable membrane and transmission of traveling 
action potentials are characteristic of nerve and muscle 
cells. This bioelectrical activity is the substrate for function 
of the nervous tissue (i.e. transmission of information) and 
precedes the function of the muscle (i.e. contraction). It is 
this bioelectrical activity which makes possible the applica- 
tion of electrodiagnostic methods. 

To obtain the information about the bioelectrical activ- 
ity of muscle, nerve, spinal roots, spinal cord, and brain, 
recordings from these structures are necessary. All clinical 
neurophysiologic recordings are extracellular. The elec- 
trodes may be near (i.e. intramuscular needle or wire elec- 
trodes), or distant from the source of bioelectrical activity 
(i.e. surface electrodes applied over the skin). The spread of 
electrical field through tissues from the generators obeys 
physical laws of volume conduction.’ From muscle, both 
the ongoing (spontaneous) and elicited (voluntary, reflexly, 
by nerve depolarization) activity can be recorded. From 
most of the other neural structures (nerves, spinal roots, 
spinal cord) spontaneous bioelectrical activity cannot be 
recorded in the clinical setting. To explore these structures, 
electrical (and less often magnetic or mechanical) stimula- 
tion is applied, and the propagated bioelectrical activity 
recorded at some distance along the nervous pathways. The 
electrophysiologic responses obtained by stimulation are 
‘compound action potentials’ produced by simultaneous 
activation of populations of biological units (neurons, 
axons, or MUs). 


Classification of 
electrophysiologic tests 
A functional classification of the electrophysiological tests 


consists of (Figure 43.2): 


(a) Tests evaluating the somatic motor system (elec- 
tromyography, EMG; terminal motor latency 
measurements, and motor evoked potentials, MEP). 
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(b) Tests evaluating the sensory system (sensory neurog- 
raphy, somatosensory evoked potentials, SEP). 

(c) Methods assessing reflexes (penilo/clitoro-cavernosus 
reflexes). 

(d) ‘Tests assessing functioning of the sympathetic (sym- 
pathetic skin response, SSR) and parasympathetic 
autonomic nervous systems (bladder EMG). 


Uroneurophysiologic tests 
that are of diagnostic value in 
individual patients with 
neurogenic bladder 


Electromyography 
Kinesiologic electromyography 


The aim of the kinesiologic EMG is to assess patterns of 
individual muscle activity during various maneuvers (i.e. 
pelvic floor muscle activity patterns during bladder filling 
and voiding). It is usually not called ‘kinesiologic EMG’, 
although that would be preferable to distinguish it from 
other types of EMG. 

Various surface or intramuscular (needle or wire) elec- 
trodes can be used for recording the kinesiologic EMG sig- 
nal. Bioelectrical activity will typically be sampled from a 
single intramuscular detection site. As the intention is not 
to analyze motor unit potential (MUP) parameters, the sig- 
nal can be recorded with less sophisticated apparatus than 
required for other types of EMG, even if intramuscular 
electrodes are used for recording. There is no commonly 
accepted standardized technique. When using surface elec- 
trodes there are problems related to validity of the signal 
(e.g. artifacts and contamination from other muscles). In 
contrast, with intramuscular electrodes in large pelvic floor 
muscles, there are questions as to whether the whole mus- 
cle is properly represented by the measured signal. Little is 
known about the normal activity patterns of different 
pelvic floor (parts of the levator ani) and sphincter mus- 
cles, although it is generally assumed that they act in a 
coordinated fashion. However, differences have been 
demonstrated even between the intra- and peri-urethral 
sphincter (US) in normal women.’ Coordinated behavior 
is frequently lost in abnormal conditions, as has been 
shown for the levator ani, the US, and the external anal 
sphincter (EAS).'°"! 

The normal (kinesiologic) sphincter EMG shows con- 
tinuous activity of MUPs at rest, which may be increased 
voluntarily or reflexly. Such activity of low-threshold MUs 
has been recorded for up to 2 hours, and even after subjects 
have fallen asleep during the examination. Similar ongoing 
activity can also be recorded in many but not all detection 


sites of the levator ani,” and of the deeper EAS muscle.” 
The US and the EAS as well as the pubococcygeus muscles 
can sustain maximal voluntary activation for only about 1 
minute.'? On voiding, disappearance of all EMG activity in 
the US precedes detrusor contraction. In the central ner- 
vous system disorders, however, detrusor contractions may 
be associated with increase of sphincter EMG activity (i.e. 
detrusor-sphincter dyssynergia).'*!° This can be easily 
demonstrated by kinesiologic EMG performed as a part of 
cystometric measurement. Due to significant disagreement 
with the voiding cystourethrogram the two methods are 
regarded as complementary in the diagnosis of detrusor- 
sphincter dyssynergia.'° 

Neurogenic incoordinated sphincter behavior has to be 
differentiated from voluntary contractions that may occur 
in poorly compliant patients. The pelvic floor muscle 
contractions of the so-called ‘non-neurogenic voiding 
disorder’ may be a learned abnormal behavior, and 
can be encountered in some women'® and men with 
dysfunctional voiding.” 

In health the pubococcygeus in woman reveals similar 
activity patterns to the US and the EAS at most detection 
sites: i.e. continuous activity at rest, some (but not invari- 
able) increase of activity during bladder filling, and reflex 
increases in activity during any activation maneuver per- 
formed by the subject (talking, deep breathing, coughing). 
The pubococcygeus also relaxes during voiding.'* However, 
in disease the patterns of activation and the coordination 
between the two sides may be lost.'® 

Any diagnostic value of kinesiologic EMG apart from 
polygraph cystometric recordings to assess detrusor/sphinc- 
ter coordination has yet to be established. 

The demonstration of voluntary and reflex activation of 
pelvic floor muscles is indirect proof of the integrity of 
respective neural pathways and should also be a part of a 
CNEMG examination, although the latter is performed 
primarily to diagnose an LMN lesion (see below). In con- 
trast, kinesiologic EMG is used mainly for diagnosis of the 
central nervous system (i.e. UMN) lesions. 


Concentric needle EMG 


The aim of CNEMG testing is to differentiate abnormal 
from normally innervated striated muscle. Although in gen- 
eral EMG abnormalities are detected as a result of a host of 
different lesions and diseases, there are in principle only two 
standard manifestations which can occur: disease of the 
muscle fibers themselves and changes in their innervation. 

The concentric needle electrode consists of a central 
insulated platinum wire that is inserted through a steel 
cannula. This type of electrode records activity from mus- 
cle tissue up to 2.5 mm from the electrode tip.” 

For the CNEMG examination a standard EMG system, 
which has the facility for quantitative template-based MUP 
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analysis (multi-MUP), is ideal.2? The commonly used 
amplifier filter’s setting for CNEMG is 5 Hz to 10 kHz. This 
must be identical to those set when reference values were 
compiled, and needs to be checked if MUP parameters are 
to be measured. 

Because of easy access, sufficient muscle bulk, and rela- 
tive ease of examination the subcutaneous EAS is the most 
practical muscle for CNEMG testing of the lower sacral 
segments.”! To examine this muscle the needle is inserted 
about 1 cm from the anal orifice, to a depth of a 3-6 mm 
at a sharp angle to the skin.” 

Both left and right EAS muscles should almost always be 
examined, by needle insertions into the middle of the ante- 
rior and posterior halves.” The needle is angled backwards 
and forwards in a systematic manner (through two inser- 
tion sites on each side).”* 

CNEMG examination of the EAS muscle can be divided 
into observation of insertion activity, observation of spon- 
taneous denervation activity, quantitative assessment of 
MUPs, and qualitative assessment of interference pattern 
(IP). In addition, it is suggested that the number of contin- 
uously active MUPs during relaxation be observed," as well 
as MUP recruitment on reflex and voluntary activation.” 

In normal muscle, needle movement elicits a short burst 
of insertion activity, which is due to mechanical stimula- 
tion of excitable membranes. This is recorded at a gain of 
50 pV per division, which is also used to record sponta- 
neous denervation activity (sweep speed 5-10 ms/divi- 
sion). Absence of insertion activity with appropriately 
placed needle electrode” usually means complete muscle 
denervation, which is found in approximately 10% of 
patients with most severe cauda equina lesions.”! 

Immediately after an acute complete denervation, all 
MU activity ceases, and (apart from insertion activity) no 
electrical activity can be recorded. Ten to twenty days later 
insertion activity becomes more prominent and pro- 
longed, and abnormal spontaneous activity appears in the 
form of short biphasic spikes (fibrillation potentials) and 
biphasic potentials with prominent positive deflections 
(positive sharp waves) (Figure 43.3a). This type of activity 
is referred to as ‘spontaneous denervation activity’ and 
originates from denervated single muscle fibers. 

In partially denervated muscle, some MUPs remain and 
mingle eventually with spontaneous denervation activity. 
As the MUPs in sphincter muscles are also short and 
mostly bi- or triphasic,” as are fibrillation potentials, it 
takes considerable EMG experience to differentiate one 
from another. In this situation, examination of the bulbo- 
cavernosus muscle is particularly useful because, in con- 
trast to sphincter muscles, it lacks ongoing activity of 
low-threshold MU during relaxation (Figure 43.3a).”4 

In longstanding partially denervated muscles, peculiar 
abnormal activity called simple or complex ‘repetitive dis- 
charges’ appears, caused by repetitive firing of groups of 
potentials. This activity may be provoked by needle 


movement, muscle contraction, etc., or may occur sponta- 
neously. This activity may sometimes be found in USs of 
patients without any other evidence of neuromuscular dis- 
ease, and indeed without lower urinary tract problems, 
although in such cases it is not prominent.”° 

A type of repetitive discharge activity, called ‘decelerating 
bursts (DB) and complex repetitive discharges (CRD)’ has 
been found in the external US muscles of some young women. 
This activity may be so abundant it is thought to cause invol- 
untary muscle contraction and urinary retention.” 

In contrast to limb muscles, where electrical silence is 
present on relaxation, in sphincter muscles some MUPs are 
continuously firing. Additional sphincter MUPs can be 
activated reflexly or voluntarily, and it has been shown that 
there are two MUP populations with different characteristics: 
reflexly or voluntarily activated high-threshold MUPs, which 
are larger than continuously active low-threshold MUPs.”’ As 
a consequence, to increase accuracy of MUP analysis, for a 
template-based multi-MUP analysis, standardization of 
activity level during sampling at which 3-5 MUPs are 
sampled on a single muscle site is recommended.”* 

In partially denervated sphincter muscle there is a loss of 
MUs. To quantify this exactly, use of multi-MUP analysis 
was proposed." By this approach the number of remaining 
MUs after partial denervation (e.g. in cauda equina lesions) 
can be estimated. Furthermore, using this technique the seg- 
mental and suprasegmental inputs, as well as the excitation 
level of the motor neurons within the anterior spinal horns, 
can be assessed. This approach was found particularly useful 
in patients with idiopathic fecal incontinence,” but has not 
been studied in patients with neurogenic bladders. 

With direct reinnervation after complete denervation, 
nascent MUPs appear first, being short-duration, low- 
amplitude, bi- and triphasic potentials, soon becoming 
polyphasic, serrated, and of prolonged duration. 

Changes due to collateral reinnervation are reflected by 
prolongation of the waveform of the MUPs (Figure 43.4), 
which may have small, late components (i.e. satellites). In 
newly formed axon sprout endplates, neuromuscular 
transmission is insecure, resulting in MUP instability 
(Jitter and blocking of individual components).”? Over a 
period of time, provided there is no further denervation, 
the reinnervating axonal sprouts increase in diameter so 
that activation of all parts of the reinnervated MU becomes 
nearly synchronous, which increases the amplitude and 
reduces the duration of the MUPs (Figure 43.4). This phe- 
nomenon may be different in sphincter muscles in ongoing 
degenerative disorders such as MSA, where long-duration 
MUPs seem to remain a prominent feature of MUs.” A less 
pronounced increase in MUP amplitude on reinnervation 
in sphincter muscles might also be due to a less efficient 
fusion of individual muscle fiber potentials in muscles with 
short spike components of MUPs (also in facial muscles).*! 

Several techniques are available to systematically exam- 
ine individual MUPs. Of these, the recent and sophisticated 
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Findings of electromyographic (EMG) examination (using a standard concentric EMG needle) in a 36-year-old man after surgical 
decompression of the cauda equina due to central herniation of the intervertebral disc L4—L5. Patient had long-term sacral 
dysfunctions: atonic bladder (emptied by abdominal straining), severe constipation, and severe erectile dysfunction. (a) EMG activity 
during relaxation in the left bulbocavernosus muscle 2 months after surgical decompression of the cauda equina. Note distinct 
spontaneous denervation activity in the form of biphasic potentials with prominent positive deflections (positive sharp waves (1)) and 
short biphasic spikes (fibrillation potentials (2)). No motor unit potentials (MUPs) could be recruited in that muscle reflexly or voluntarily, 
which pointed to complete denervation of the muscle. (b) MUPs sampled (by multi-MUP analysis) from the left subcutaneous external 
anal sphincter (EAS) muscle during a control uroneurophysiologic examination 7 months later. Mean duration was 7.3 ms (Z = + 0.7), 
mean area was 808 uVms (Z = + 4.2), and the mean number of turns was 4.3 (Z = + 1.5). (‘Z’ value = number of SDs above or below the 
mean obtained in normative population.) Good reinnervation of the muscle after (probably) complete denervation pointed to a 
combination of neurapraxia (block in nerve transmission) and axonotmesis (degeneration of the nerve fibers with preserved continuity 
of nerve roots) as opposed to neurotmesis (nerve roots severed) as a mechanism of the cauda equina injury. 


template-operated CNEMG techniques (e.g. ‘multi- MUP’ 
analysis) are available only on advanced EMG systems.**** 
Multi-MUP analysis is the fastest and the easiest to apply of 
the quantitative MUP analysis techniques. It can be applied 
at continuous activity during sphincter muscle relaxation, 
as well as at slight to moderate levels of activation.” The 
needle must be located so that a ‘crisp’ sounding pattern of 
EMG activity can be heard over the loudspeaker, indicating 
that the needle electrode is near to muscle fibers. Then, 
during an appropriate level of EMG activity, the operator 
starts the analysis and the computer takes the previous 
(last) 4.8 s period of the signal. From that signal MUPs are 
automatically extracted, quantified, and sorted into up to 6 
classes. MUP classes, representing consecutive discharges 
of a particular MUP, are then averaged and presented 
(Figures 43.3 and 43.4). Duration cursors are set automati- 
cally using a computer algorithm. However, after acquisition 


the operator has to edit the MUPs; the MUPs with an 
unsteady baseline (unclear beginning or end) need to be 
recognized and deleted. The multi- MUP technique has dif- 
ficulties with highly unstable and/or polyphasic MUPs. It 
often fails to sample them, sorts the same MUP to several 
classes (recognizes it as different MUPs — duplicates), cuts 
prolonged MUPs into two, or distorts them by averaging.” 
Thus from each examination site up to 6 different MUPs 
can be obtained.*?*? 

Using multi-MUP analysis sampling of 20 MUPs (stan- 
dard number in limb muscles) from each EAS muscle pre- 
sents no problem in healthy controls and most patients 
(Figures 43.3b and 43.4b).”° Normative data obtained from 
the EAS muscle by standardized EMG technique have been 
published.” Analysis made from the same taped EMG sig- 
nal, using reference data for mean values and ‘outliers’ 
(Figure 43.4) revealed similar sensitivity of different MUP 
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Figure 43.4 


Findings of electromyographic (EMG) examination (using a standard concentric EMG needle) in a 36-year-old man with myelitis of the 
conus medullaris. The patient had several episodes of urinary and fecal incontinence, impaired sensation of bladder and rectum 
fullness, and moderate erectile dysfunction, all of which resolved spontaneously after a few months. (a) EMG activity in the right deeper 
external anal sphincter (EAS) muscle during voluntary activation 2 months after the beginning of the disease. Note the extremely 
polyphasic motor unit potentials (MUPs) of increased duration, and late potential (arrows). Consecutive firing of the same MUP slightly 
changed, which points to MUP instability. No spontaneous denervation activity, and no ‘low threshold MUPs’ continuously firing during 
relaxation were present. Reflex recruitment of MUPs was severely reduced but present in the same muscle. All these findings indicated 
subacute partial (moderately severe) denervation of the muscle. (b) During the same EMG examination only 8 MUPs needed to be 
sampled (by multi-MUP analysis) from the same muscle to obtain 3 MUPs with values of duration, area, and the number of turns above 
the upper ‘outlier’ limit. To declare muscle pathologic (neurogenic) using outlier criterion this number (3 out of 20 or less MUPs) is 
needed. Although at the same time mean values for duration, area, and the number of turns were also all pathologic (Z >2.0), they 
cannot be used in this situation to declare muscle neuropathic, because less than 20 MUPs were sampled. (‘Z’ value = number of SDs 
above or below the mean obtained in the normative population.) Two MUPs from (a) are also presented below. (Numbers 1 and 2). Note 
that averaging used by multi-MUP analysis changed the shape of unstable MUPs (reduced number of phases and turns). 


analyses for detecting neuropathic changes in the EAS 
muscle of patients with chronic cauda equina lesions.”° 

A number of MUP parameters are used in the diagno- 
sis of neuromuscular disease (Figure 43.5). Traditionally, 
MUP amplitude and duration were measured, and the 
number of phases was counted.*° However, a study per- 
formed in the EAS muscle revealed that probably only the 
parameters of area, duration, and the number of turns are 
needed in MUP analysis. Other MUP parameters (ampli- 
tude, the number of phases, duration of the negative 
peak, thickness, size index) appear to be noncontributory, 
and their use might reduce the specificity of MUP 
analysis.’ 

In addition to continuous firing of low-threshold MUPs 
in sphincters, additional high-threshold MUPs** are 
recruited voluntarily and reflexly (Figure 43.4B). By such 
maneuvers, the amount of recruitable MUs is estimated. 
Normally, MUPs should intermingle to produce a dense IP 
on the oscilloscope screen when muscle is contracted well, 
and during a strong cough. 


The IP can be assessed using a number of automatic 
quantitative analyses, the turn/amplitude analysis being 
the most popular.***? However, quantitative IP analysis was 
shown to be only half as sensitive as the MUP analysis tech- 
niques in distinguishing between normal and neuropathic 
muscles.” Nevertheless, with the needle electrode in focus, 
qualitative assessment of IP during voluntary or reflex 
muscle contraction by coughing is recommended. 

In summary, template based multi- MUP analysis is as 
sensitive as the traditional MUP analysis techniques,” fast 
(5-10 min per muscle), easy to apply, less prone to personal 
bias, and is a clinically useful technique.’ In the EAS mus- 
cle its use is further facilitated by the availability of com- 
mon normative data, which are unaffected by age, gender,” 
number, and characteristics of vaginal deliveries,*' or mild 
chronic constipation.” In addition, criteria for possible, 
probable, and definite neuropathic changes in the EAS 
muscle have been proposed.” All these make multi- MUP 
analysis the technique of choice for quantitative analysis of 
the EAS reinnervation. 
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Figure 43.5 

The motor unit potential (MUP) parameters. Amplitude is the 
voltage difference (uV) between the most positive and most 
negative point of the MUP trace. The MUP duration is the time 
(ms) between the first deflection and the point when the MUP 
waveform finally returns to the baseline. The number of MUP 
phases (small circles) is defined by the number of MUP areas (see 
below) alternately below and above the baseline, and can be 
counted as the ‘number of baseline crossings plus one’. Turns 
(arrows) are defined as changes in direction of the MUP trace 
that are larger than the specified amplitude (e.g. 50 uV), but not 
crossing the baseline. MUP area measures the integrated surface 
of the MUP waveform (shaded). 


Single fiber electromyography 


The aim of single fiber electromyography (SFEMG) testing 
is similar to CNEMG - to differentiate normal from abnor- 
mal striated muscle. The SFEMG electrode has similar 
external proportions to a concentric needle electrode, but 
instead of having the recording surface at the tip, a fine 
insulated platinum or silver wire embedded in epoxy resin 
is exposed through an aperture on the side 1-5 mm 
behind the tip. The platinum wire forms the recording sur- 
face that has a diameter of 25 um. It will pick up activity 
from within a hemispherical volume of 0.3 mm in diame- 
ter. This is very much smaller than the volume of muscle 
tissue from which a concentric needle electrode records, 
which has an uptake area of 2.5 mm diameter.” Because of 
the arrangement of muscle fibers in a normal MU, an 
SFEMG needle will record only 1-3 single muscle fibers 
from the same MU. When recording with an SFEMG 
needle, the amplifier filters are set so that low frequency 
activity is eliminated (500 Hz to 10 kHz). Thus, the contri- 
bution of each muscle fiber appears as a short biphasic 
positive—negative action potential. 

The SFEMG parameter that reflects MU morphology is 
the ‘fiber density’, which is defined as the mean number of 
muscle fibers belonging to an individual MU per detection 
site. To assemble this data, recordings from 20 different 
intramuscular detection sites are necessary.” The normal 
fiber density for the EAS is below 2.0.4 


The fiber density is increased in collaterally reinnervated 
muscle. The technique has been particularly applied to 
sphincter muscles in order to correlate increased fiber den- 
sity findings to incontinence. Due to its technical character- 
istics, an SFEMG electrode is able to record even small 
changes that occur in MUs due to reinnervation, but is less 
suitable to detect changes due to denervation itself (i.e. 
abnormal insertion and spontaneous denervation activity). 

The SFEMG electrode is also most suitable to record any 
instability of MUPs (‘jitter’), although this is not routinely 
assessed in pelvic floor muscles for diagnostic purposes. 


Single fiber electromyography versus 
concentric needle electromyography 


Quantified CNEMG provides the same information on 
reinnervation changes in muscle as the SFEMG parameter 
of ‘fiber density,” but, in addition, CNEMG will reveal 
spontaneous denervation activity. In muscle after severe 
partial denervation, the areas of fibrosis are silent to EMG 
exploration, and the results are based only on the remaining 
MUP activity. The remaining innervated muscle is easier to 
establish with CNEMG, which records from a larger volume 
of tissue. Furthermore, a CNEMG examination can be 
extended in the same diagnostic session from, for example, 
lumbar and upper sacral myotomes to the lower sacral 
myotomes, after a cauda equina lesion. A concentric elec- 
trode can also be employed at the same diagnostic session 
for recording evoked direct and reflex muscle responses. 
Use of CNEMG is the method of choice in routine exami- 
nation of skeletal muscle, and is generally available in clini- 
cal neurophysiology laboratories. There has been no work 
which shows SFEMG use has added advantage for the 
evaluation of patients with neurogenic bladders. 


Sacral reflexes 


The term sacral reflex refers to pelvic floor muscle 
responses to stimulation in the sacral region. In the lower 
sacral segments there are two commonly clinically elicited 
reflexes, the anal and the penilo-cavernosus.° Both have the 
afferent and the efferent limb of their reflex arc in the 
pudendal nerve, and are centrally integrated at the S2 to S4 
cord levels. 

Electrophysiologic correlates of these and other sacral 
reflexes have been described, and a uniform two-part 
nomenclature system was proposed. Measurements of 
reflex responses and evoked potentials, including sympa- 
thetic skin responses (SSRs), relate not only to conduction 
in peripheral and central neural pathways, but also to 
synaptic transmission within networks of central nervous 
system interneurons. Therefore, conduction may be influ- 
enced by factors that are not apparent from a simplified 
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Mechanical stimulation 


Electrical stimulation 


Figure 43.6 


Penilo-cavernosus reflex (PCR) responses and pudendal somatosensory evoked potentials (SEP) recorded simultaneously in a 9-year-old 
boy (body height 140 cm), without uroneurologic abnormalities included in our normative study.” Responses were elicited by 
consecutive (left) mechanical stimulation (nonpainful squeeze of the penis by the electromechanical hammer) and (right) electrical 
stimulation (single 20 V stimuli over the dorsal penile nerves). Responses were detected by bifocal montage of the surface electrodes 
(PCR, active electrode over the external anal sphincter muscle/reference electrode over the bulbocavernosus muscle; SEP: active 
electrode 2 cm behind Cz/reference electrode on Fz both over the scalp according to the International 10-20 electroencephalography 
(EEG) System).”° Measurements were obtained by averaging 100 responses. Latencies to the beginning of the PCR responses (arrows) were 
33.4 ms and 25.2 ms; latencies to the first positive peak (P40) (arrowheads) were 47.0 ms and 36.7 ms on mechanical and electrical 
stimulation, respectively. Peak-to-peak amplitudes of the PCR responses were 69 uV and 63 uV; amplitude of P40 measured 2.0 uV and 
1.8 uV on mechanical and electrical stimulation, respectively. Note similar amplitudes, but pronounced differences in latency 
measurements caused by mechanical characteristics of electromechanical hammer used in this study. Latency of the pudendal SEP on 
electrical stimulation in this child was already within (Z =— 1.9) normative limits for adults (41 + 2.3 ms).”4 


anatomic model (Figure 43.1). For example, changes in the 
threshold, amplitude, and latency of the sacral reflex occur 
as a consequence of changes in the physiologic state of 
the bladder,*® and differ in pathologic conditions (i.e. 
suprasacral spinal cord lesions).*” 

The aim of electrophysiologic testing of sacral reflexes is 
to assess integrity of the sacral (S2-S4) spinal reflex arc, 
and to evaluate excitation levels of sacral spinal cord motor 
neurons. 

It is possible to use electrical,“ mechanical,’ or mag- 
netic” stimulation. Whereas the latter two modalities have 
only been applied to the penis and clitoris, electrical 
stimulation can be applied at various sites: to the dorsal 
penile/clitoral nerve, perianally, and (using a catheter- 
mounted ring electrode) at the bladder neck/proximal 
urethra.®°!? In clinical practice, electrical and mechanical 
stimulation of the penis or clitoris are usually used (Figure 
43.6), so this will be discussed in some detail. 

The sacral reflex evoked on the dorsal penile or the 
clitoral nerve stimulation was shown to be a complex 
response, often comprising two components (Figure 43.7). 
The first component has a latency of about 33 ms. It is 
stable, does not habituate, and, based on the variability of 
single motor neuron latency reflex discharges, is thought 
to be an oligosynaptic reflex.” The second component has 
a similar latency to the sacral reflexes evoked by stimula- 
tion perianally or from the proximal urethra. The vari- 
ability of single motor neuron reflex responses within this 
component is much larger, as is typical for a polysynaptic 


reflex.’ The second component is not always demonstrable 
as a discrete response. Double electrical stimuli may be 
used to facilitate the reflex response if both components 
cannot be elicited using single electrical pulses.” 

Sacral reflex responses recorded with needle or wire 
electrodes can be analyzed separately for each side of the 
EAS or each bulbocavernosus muscle (Figure 43.7). Using 
unilateral dorsal penile nerve blocks, the existence of two 
unilateral sacral reflex arcs has been demonstrated.** Thus, 
by detection from the left and right bulbocavernosus (and 
probably also the EAS) muscles separate testing of both 
sacral reflex arcs can be performed. Sensitivity of the test 
can be increased also by use of the inter-side latency differ- 
ence (normative limits in case of simultaneous bilateral 
detection: <3.6 ms).” This is important, because in cases of 
unilateral (e.g. sacral plexopathy, pudendal neuropathy) or 
asymmetric lesions (e.g. cauda equina), which are com- 
mon, a healthy sacral reflex arc may obscure a pathologic 
one. In the authors’ laboratories testing of penilo and cli- 
toro-cavernosus reflex on electrical stimulation is per- 
formed in conjunction with a CNEMG if no brisk reflex 
response is present on mechanical stimulation of the peri- 
anal/perineal region and recording from the EAS muscle.”* 

Standardization of the technique has been proposed.’ It 
was recommended that surface stimulation electrodes be 
placed on the penis/clitoris, and 10 single, 0.2 ms long stim- 
uli be applied at supramaximal intensity at time intervals of 
2 s (= 0.5 Hz). Recording is by concentric needle or surface 
electrodes placed into/over the EAS, or bulbocavernosus 
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10ms| 0.5 uV 


Figure 43.7 

Findings of uroneurophysiologic examination in a 32-year-old man 2 months after traumatic fracture of pubic bones and urethral 
rupture. After surgical repair of urethra the patient continued to leak urine and complained of moderate erectile dysfunction. His bowel 
function was normal. On concentric needle electromyography (CNEMG) during relaxation some spontaneous denervation activity was 
detected in the left, but not the right bulbocavernosus muscle. On reflex and voluntary activation, normal motor unit potentials (MUPs) 
were recruited. In addition, normal penilo-cavernosus reflex (PCR) responses were elicited by electrical stimulation (single 80 mA stimuli 
over dorsal penile nerves), and CNEMG electrode detection in the left and right bulbocavernosus muscles. Left and right latency of the 
first component of the PCR: 29 ms (marked by solid vertical line). Note also the second component of the PCR. Electrophysiologic 
examination thus confirmed integrity of the neural structures, and revealed only very slight axonal damage to the left pudendal nerve, 
which was thought unlikely to be the cause of his prominent urinary incontinence. Instead it seemed likely that was due to direct 
damage to the bladder neck, urethra, or possibly urethral sphincter or its terminal innervation. Similarly, erectile dysfunction was most 


probably caused by local injury, and not by more proximal nervous lesion. 


muscle in men, using filters: 10 Hz — 10 kHz; sweep speed: 
10 ms/div; and gain: 50-1000 uV/div. Onset latency is the 
only parameter measured.' 

The penilo/clitoro-cavernosus reflex has been said to be 
of value in patients with cauda equina and other LMN 
lesions, although it is recognized that a reflex with a normal 
latency does not exclude the possibility of an axonal lesion 
in its reflex arc (Figure 43.7). The sensitivity and specificity 
of sacral reflex responses in patients with conditions asso- 
ciated with neurogenic bladders are not known. In diabet- 
ics the nerve conduction studies performed in limbs are 
more sensitive in revealing peripheral neuropathy than 
sacral reflex latencies.” Abnormally short reflex latency 
of the sacral reflex has been claimed to suggest either 
the abnormally low position of conus medullaris in the 
tethered cord syndrome” or a suprasacral cord lesion.* 
Mechanical stimulation has been used to elicit sacral reflex 
in both sexes“ and has been found to be a robust tech- 
nique. Either a standard commercially available reflex 
hammer or a customized electromechanical hammer can 
be employed. Such stimulation is painless and can be used 
in children.” The latency of the mechanically elicited 
penilo/clitoro-cavernosus reflex is similar to the electrically 
elicited one (Figure 43.6). 

Responses of the bulbocavernosus muscle after 
mechanical suprapubic stimulation (pubo-cavernosus) 
have also been described. It was hypothesized that this is 
a polysynaptic reflex elicited by the stimulation of the 
bladder wall tensoreceptors, which could be involved in 


pathogenesis of detrusor-sphincter dyssynergia in some 
patients with neurogenic bladders.® Penilo/clitoro-caver- 
nosus reflex testing can be a useful adjunct in the ‘diag- 
nostic battery, with CNEMG exploration of the pelvic floor 
muscles being the most important test. Electrophysiologic 
assessment of sacral reflexes is a more quantitative, sensi- 
tive, and reproducible way of assessing the S2-S4 reflex 
arcs than any of the clinical methods.*' Results, however, 
should be interpreted with caution, always mindful of the 
clinical context. 


Uroneurophysiologic tests 
that are not of diagnostic 
value in individual patients 
with neurogenic bladders 


Neurophysiology of the sacral 
motor system 


Motor nerve conduction studies 


Recording of the muscle response (compound motor 
action potential, CMAP)” on electrical stimulation of its 
motor nerve is the routine method of electrophysiologic 
evaluation of limb nerves. By stimulating the nerve at two 
levels, motor nerve conduction velocity can be calculated, 
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which distinguishes between lesions of myelin and axons 
causing motor weakness. For this purpose, however, the 
technique requires access to the nerve at two well-sepa- 
rated points for stimulation and measurement of the dis- 
tance between them, a requirement which cannot be easily 
met in the pelvis. Thus the only electrophysiologic para- 
meter of motor conduction that can be measured also in 
the pelvic floor is the pudendal nerve terminal motor 
latency (PNTML). 

Latency measures conduction of the fastest fibers only, 
and gives little or no information about the loss of biolog- 
ical units generating electrical currents (axons, etc.), which 
is the determinant of functional importance. However, 
latencies depend less on irrelevant biological and technical 
factors, and are therefore more robust measurements than 
amplitudes. On the other hand, the amplitude of the com- 
pound potential correlates with the number of activated 
biological units. (A conduction block and pathologic dis- 
persion of conduction velocities within a neural pathway 
also affect amplitudes.) Amplitudes are thus the more rele- 
vant physiologic parameter, but CMAP amplitudes of the 
EAS, US, or other pelvic floor muscles on stimulation of 
the pudendal nerves have unfortunately not yet proved 
contributory. 

PNTML is usually measured by stimulation with a special 
surface electrode assembly fixed on a gloved index finger — 
the ‘St Mark’s electrode.® This consists of a bipolar stimu- 
lating electrode fixed to the tip of the gloved finger with the 
recording electrode pair placed 8 cm proximally on the base 
of the finger. The finger is inserted into the rectum, and the 
pudendal nerve stimulated close to the ischial spine. The 
response is recorded from the EAS muscle. Using this stim- 
ulator, the PNTML for the anal sphincter MEP is typically 
around 2 ms. 

Prolongation of the PNTML measured by the St Mark’s 
electrode was found in a variety of patient groups, and was 
taken as a sign of damage to the pudendal nerve. This has 
led to the term ‘pudendal neuropathy’, equating a prolon- 
gation of PNTML with pelvic floor denervation. This, 
however, is mistaken, as prolongation of latency is a poor 
measure of denervation, as already explained. What type of 
abnormality this latency prolongation indicates is unclear 
as there have not been any relevant morphologic studies. 
Furthermore, delays of PNTML in patient groups, even 
when present, were short — approxiamtely 0.1—0.3 ms — and 
it is unlikely that these represent a functionally relevant 
change. 

In practice, the PNTML is unhelpful for diagnosis in 
individual patients with sacral dysfunction.“® Elicitability 
of a compound motor action potential in pelvic floor mus- 
cles (using the perianal stimulation) may be helpful in 
patients with combined UMN and LMN lesions in whom 
no MUP activity can be recorded. In this situation the 
presence of compound motor action potential rules out 
complete (axonal) LMN lesion. 


Anterior sacral root (cauda equina) 
stimulation 


Transcutaneous stimulation of deeply situated nervous 
tissue became possible with the development of special 
electrical and magnetic stimulators. When applied over 
the spine at the exit from the vertebral canal, spinal roots 
can be stimulated and there have been reports of these 
techniques applied to the sacral roots.o"° 

Electrical or magnetic stimulation depolarizes underly- 
ing neural structures in a nonselective fashion, and con- 
comitant activation of several muscles innervated by 
lumbosacral segments occurs. It has been shown that 
responses from gluteal muscles may contaminate attempts 
to record from the sphincters and lead to error.” Thus, sur- 
face recordings from sphincter muscles are inadvisable. 

Recording of MEP with magnetic stimulation has been 
less successful than with electrical stimulation, and there 
are often large stimulus artifacts. Positioning of the ground 
electrode between the recording electrodes and the stimu- 
lating coil may decrease the artifact. 

Demonstrating the presence of a perineal MEP on 
stimulation over the lumbosacral spine, recorded with a 
CNEMG electrode, may occasionally be helpful, but an 
absent response has to be evaluated with caution. The 
clinical value of the test has yet to be established. 


Assessment of central motor 
pathways 


Using the same magnetic or electrical stimulation it has 
been shown to be possible to stimulate the motor cortex 
and record a response from the pelvic floor. Magnetic stim- 
ulation is not painful and cortical electrical stimulation is 
nowadays only used for intraoperative monitoring. The 
aim of these techniques is to assess conduction in the 
central motor pathways. 

By electrical stimulation over the motor cortex of 
healthy subjects, MEPs in the EAS, the US, and the bulbo- 
cavernosus muscles were reported.® When no facilitatory 
maneuver is used, mean latencies are 20-30 ms, but slight 
voluntary contraction of the sphincter and pelvic floor 
muscles shortens mean latencies to 17-27 ms.°° By sub- 
tracting the latency of the MEPs obtained by stimulation 
over the scalp, and also that obtained by stimulation at the 
L1 level, a central conduction time of approximately 16 ms 
without, and 13 ms with, facilitation was obtained for 
pelvic floor and sphincter muscles.°° 

Substantially longer central conduction times in 
patients with multiple sclerosis and spinal cord lesions as 
compared to healthy controls have been found,” but as 
all those patients had clinically recognizable spinal cord 
disease, the diagnostic contribution of the technique 
remains doubtful. 
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A well-formed sphincter MEP with a normal latency in 
a patient with a functional disorder or a medicolegal case 
may occasionally be helpful, but otherwise there is no 
established clinical use for this type of testing. 


Neurophysiology of the sacral 
sensory system 


Electroneurography of the dorsal 
penile nerve 


Electroneurography of the dorsal penile nerve has been used 
to assess sensory nerve conduction of lower sacral segments. 
By placing a pair of stimulating electrodes across the penile 
glans and a pair of recording electrodes across the base of 
penis a sensory nerve action potential (SNAP) can be 
recorded (with an amplitude of about 10 uV). The sensory 
conduction velocity of the dorsal penile nerve has been 
reported as 27 m/s. The method was claimed to be helpful in 
diagnosing neurogenic erectile dysfunction as a consequence 
of sensory neuropathy,” but the problems of measuring the 
conduction distance posed considerable practical difficulties 
and the test is now rarely used. More practical seems to be the 
method of stimulating the pudendal nerve by the St Mark’s 
electrode transrectally, and recording from the penis.” 

A theoretically normal amplitude SNAP of the dorsal 
penile nerves in an insensitive penis distinguishes a lesion 
of sensory pathways proximal to the dorsal spinal ganglion 
(central pathways, cauda equina) from a lesion of and 
distal to the ganglion (sacral plexus, pudendal nerves). 


Electroneurography of dorsal 
sacral roots 


SNAPs on stimulation of the dorsal penile and clitoral 
nerves may be recorded intraoperatively when the sacral 
roots are exposed. This has been found helpful in preserv- 
ing roots relevant for perineal sensation in spastic children 
undergoing dorsal rhizotomy and possibly decreasing the 
incidence of postoperative voiding dysfunction.” 

At the level of lower thoracic and upper lumbar verte- 
brae a low amplitude (<1 uV) spinal SEP can be recorded 
with surface electrodes. It is a monophasic, negative poten- 
tial with a mean peak latency of about 12.5 ms,” and is 
probably due to postsynaptic activity in the spinal cord. 
Responses using surface electrodes are often unrecordable 
in obese healthy men® and in many women. 

With epidural electrodes sacral root potentials on stim- 
ulation of the dorsal penile nerve could only be recorded in 
13, and cord potentials in 9 out of 22 subjects; latencies of 
these spinal SEPs were 11.9 + 1.8 ms,” substantiating the 
results obtained by surface recording.”* 


No use of such recordings out of the operating room has 
been established. 


Pudendal somatosensory evoked 
potentials 


The pudendal SEP is easily recorded following electrical 
stimulation of the dorsal penile or clitoral nerve.” This 
response is, as a rule, of highest amplitude at the central 
recording site (Cz — 2 cm: Fz of the International 10-20 
electroencephalography (EEG) System)’® and is highly 
reproducible (Figure 43.6). Amplitudes of the P40 measure 
0.5-12 pV. The first positive peak at 41 + 2.3 ms (called P1 
or P40) is usually clearly defined in healthy subjects using 
a stimulus 2—4 times stronger than the sensory threshold 
current strength.” Later, negative (at around 55 ms) and 
then further positive waves occur, which are quite variable 
in amplitude and expression, but have no known clinical 
relevance. 

Pudendal SEP recordings on penile/clitoral stimulation 
are sometimes useful in patients with sensory loss in the 
lower sacral dermatomes and brisk penilo-cavernosus 
reflex on clinical examination such that an UMN lesion is 
suspected.** Pudendal SEPs were recorded in patients with 
neurogenic bladder dysfunction due to multiple sclerosis, 
but it is now known that in this clinical situation the tibial 
cerebral SEPs are more often abnormal than the pudendal 
SEPs; only in exceptional cases are the pudendal SEPs 
abnormal but the tibial SEPs normal, suggesting an iso- 
lated conus involvement.” Pudendal SEPs were also mea- 
sured in patients with neurogenic bladder due to spinal 
cord lesions and diabetes.” Pathologic pudendal SEPs 
seemed to predict poor surgical outcomes after resection of 
a tight filum terminale.” 

A study which looked at the value of the pudendal SEP 
for detecting relevant neurologic disease, when investigat- 
ing urogenital symptoms, found it to be of lesser value than 
a clinical examination looking for signs of spinal cord 
disease in the lower limbs (i.e. hyperreflexia and extensor 
plantar responses).°° There may, however, be circumstances 
such as when a patient is complaining of loss of bladder or 
vaginal sensation that it is reassuring to be able to record a 
normal pudendal SEP. The method as such is valid and 
robust, but its clinical value, particularly in the investiga- 
tion of neurogenic bladder, is minor. 


Cerebral somatosensory evoked 
potentials on stimulation of the 

bladder and urethra 

These responses are claimed to be more relevant to neuro- 


genic bladder dysfunction than the pudendal SEP, as the Að 
sensory afferents from bladder and proximal urethra, 
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which convey impulses from these regions, accompany the 
autonomic fibers in the pelvic nerves (see above). 

Cerebral SEP can be obtained on stimulation of the 
bladder urothelium. When making such measurements, it 
is of the utmost importance to use bipolar stimulation 
in the bladder or proximal urethra, because otherwise 
somatic afferents are depolarized due to spread of electri- 
cal current. Cerebral SEPs on bipolar intravesical stimula- 
tion have been shown to have maximum amplitude over 
the midline (Cz — 2 cm: Fz), but were of low amplitude 
(1 pV and less) and variable configuration, making it diffi- 
cult to identify the response in some control subjects. The 
typical latency of the most prominent negative potential 
(N1) is about 100 ms.>” 8! 

The clinical usefulness of such recordings has not been 
established. 


Autonomic nervous system 
tests 


All of the neurophysiologic methods for evaluation of the 
neurogenic bladder discussed so far assess the thicker 
myelinated fibers only, whereas it is the autonomic nervous 
system, the parasympathetic part in particular, which is the 
most relevant for bladder function. Although in most 
instances local involvement of the sacral nervous system 
(such as due to trauma or compression, etc.) will usually 
involve both somatic and autonomic fibers together, there 
are some local pathologic conditions that cause isolated 
lesions of the autonomic nervous system, such as mesorec- 
tal excision of carcinoma?’ or prostatectomy.® In addition, 
several types of peripheral neuropathy preferentially affect 
thin autonomic fibers. Methods assessing the parasympa- 
thetic and sympathetic systems directly would thus be very 
helpful. Information on parasympathetic bladder innerva- 
tion can to some extent be obtained by cystometry, which, 
however, is a test of overall organ function and usually can- 
not locate the lesion. Although not strictly an electrophys- 
iologic test, thermal sensory testing was found useful in 
assessment of the thin sensory nerve fibers from sacral seg- 
ments,® which are often affected concomitantly with thin 
autonomic fibers. 


Sympathetic skin response and other 
tests of thoracolumbar sympathetic 
function 


The sympathetic nervous system mediates sweat gland 
activity in the skin. On stressful stimulation a potential shift 
can be recorded with surface electrodes from the skin of 
palms and soles, and has been reported to be a useful para- 
meter in assessment of neuropathy involving unmyelinated 


nerve fibers. The sympathetic skin response (SSR) can also 
be recorded from perineal skin and the penis. The SSR is a 
reflex that consists of myelinated sensory fibers, a complex 
central integrative mechanism, and a sympathetic efferent 
limb (with postganglionic nonmyelinated C fibers).** The 
stimulus used in clinical practice is usually an electrical 
pulse delivered to the upper or lower limb (to mixed 
nerves), but the genital organs can also be stimulated. The 
latencies of SSR on the penis following stimulation of a 
median nerve at the wrist have been reported as between 
1.5% and 2.3 s*° and could be obtained in all normal sub- 
jects, but with a large variability. The responses rapidly 
habituate, and depend on a number of endogenous 
and exogenous factors, including skin temperature, 
which should be above 28°C. Only an absent SSR can be 
taken as abnormal. SSR can also be recorded on bladder/ 
urethra stimulation,’ which in addition to central sym- 
pathetic pathways, also tests thin afferent fibers from the 
pelvic viscera. 

In men another approach to test lumbosacral sympa- 
thetic function is neurophysiologic measurement of the 
dartos reflex obtained on cutaneous stimulation of the 
thigh. The dartos muscle is a sympathetically innervated 
dermal layer within the scrotum, distinct from the 
somatically innervated cremasteric muscle. A reliable 
and reproducible dartos reflex (i.e. scrotal skin contrac- 
tion) of latency approximately 5 s was demonstrated in 
healthy men.** 

The SSR might be useful in the assessment of neu- 
ropathies involving unmyelinated nerve fibers,® and in the 
assessment of thoracolumbar sympathetic.’ The utility of 
SSR in bladder/urethra stimulation% and the dartos 
reflex** has not yet been established. 


Bladder smooth muscle 
electromyography 


Although information on sacral parasympathetic function 
can, to some extent, be obtained by cystometry, this cannot 
directly demonstrate the neuropathic etiology of the blad- 
der dysfunction. Neurophysiologic tests of sacral parasym- 
pathetic nerve function, such as detrusor EMG, would, in 
principle, constitute the most definitive indicator of neu- 
rogenic bladder involvement. However, such studies are 
confronted with problems in discriminating between the 
very small extracellular membrane potential changes in 
bladder muscle cells and the large electromechanical arti- 
fact caused by electrode movement as the tissue contracts. 
In what is currently the only study performed in humans, 
surface electrodes were placed on the abdominal skin, and 
bipolar signals were recorded in horizontal, vertical, and 
diagonal directions. It was claimed that voiding was 
accompanied by a slow voltage change that could be dis- 
tinguished from striated muscle activity. Activity was 


Electrophysiologic evaluation: Basic principles and clinical applications 525 


related to bladder emptying and to the detrusor pressure.” 
However, further studies to improve and validate these 
tests are expected to clarify their place in research and clin- 
ical practice. 


Patient groups with 
neurogenic bladders in whom 
uroneurophysiologic tests are 
of clinical value 


Parkinsonism 


Neuropathic changes can be recorded in sphincter muscles 
of patients with multiple system atrophy (MSA).'4°0?)? 
MSA is a progressive neurodegenerative disease, which 
is often (particularly in its early stages) mistaken for 
Parkinson’s disease. Urinary incontinence in both genders, 
and erectile dysfunction in men, are early features of the 
condition, often present for some years before the onset of 
typical neurologic features.” Autonomic failure causing pos- 
tural hypotension and cerebellar ataxia causing unsteadiness 
and clumsiness may be additional features. The disease is 
usually (in 80% of patients) unresponsive to antiparkinson- 
ian treatment. As a part of the neurodegenerative process, 
loss of motor neurons occurs in Onuf’s nucleus so that par- 
tial but progressive denervation of the sphincter and the bul- 
bocavernosus muscles occurs,'* and recorded MUPs show 
changes of chronic reinnervation.'*70°1% 

Sphincter EMG has been demonstrated to be of value 
in distinguishing between idiopathic Parkinson’s disease 
and MSA,'**°°!°2 but may not be sensitive in the early 
phase of the disease,'*** and not specific after 5 years of 
parkinsonism.*! The changes of chronic reinnervation 
may be found in other parkinsonian syndromes such as 
progressive supranuclear palsy (PSP),”° in which neu- 
ronal loss in Onuf’s nucleus was also demonstrated histo- 
logically.” In contrast to earlier citations, one study failed 
to demonstrate significant differences between two small 
groups of MSA and Parkinson disease patients,” but this 
may have been a consequence of excluding late compo- 
nents from MUP duration due to the automated method 
of analyis.** 

Kinesiologic EMG performed during urodynamics can 
also be valuable in Parkinson’s disease’ and MSA” 
patients, documenting loss of coordination between detru- 
sor and US muscles (‘detrusor-sphincter dyssynergia’). 

Unilateral needle EMG of the subcutaneous EAS muscle, 
including quantitative MUP analysis,!*°°?!* is clearly 
indicated in patients with suspected MSA,” particularly in 
its early stages when the diagnosis is unclear.”’ If the test is 
normal, but the diagnosis remains unclear, it might be of 
value to repeat the test later.!*°4 


Cauda equina and conus 
medullaris lesions and spinal 
dysraphisms 


Lesions to the cauda equina and/or conus medullaris are 
an important cause of pelvic floor dysfunction. Usually the 
neural tissue damage is caused by compression within 
the spinal canal due to disc protrusion, spinal fractures, 
epidural hematomas, tumors, congenital malformations, 
etc.? Unfortunately accidental damage to the cauda equina 
may occur during surgical interventions, mainly due to 
spinal stenosis. 

Patient presentation depends very much on the etiology 
of the lesion. In cases of disc protrusion, spinal fractures, 
and epidural hematomas, presentation is often dramatic. 
Acute severe back pain radiating to the legs, associated with 
numbness and tingling in the saddle region, is noted first. 
Urinary retention with overflow incontinence and, later, 
severe constipation follow. When damage is due to disc 
protrusion there is often a history of previous back pain 
with sciatica, in spinal fractures a history of trauma, and in 
epidural hematomas a history of coagulation disorder, 
anticoagulation therapy, or recent spinal surgery can usu- 
ally be obtained. With tumors, the presentation of the 
cauda equina lesion is much more insidious. 

After detailed clinical examination of the perineal region 
(with particular emphasis on saddle sensation), CNEMG 
of the EAS muscle (and sometimes the bulbocavernosus 
muscle — see below) and electrophysiologic evaluation of 
the penilo/clitoro-cavernosus reflex (when absent clini- 
cally) need to be considered.” 

Generally stated, detection of pathologic spontaneous 
activity by CNEMG has good sensitivity and specificity to 
reveal moderate and severe partial denervation, and com- 
plete denervation, of pelvic floor muscles 3 weeks or more 
after injury to the cauda equina and/or conus medullaris 
(Figure 43.3A). Traumatic lesions to the lumbosacral spine 
or particularly to the pelvis are probably the only acquired 
condition where complete denervation of the perineal 
muscles can be observed.”! Most other lesions will, by con- 
trast, cause partial denervation. CNEMG of the bulbocav- 
ernosus muscles is of particular importance a few weeks 
after partial denervation in the lower sacral myotomes to 
detect spontaneous denervation activity.” 

CNEMG (MUP analysis) can show changes of reinnerva- 
tion, which appear months after injury.” Following a cauda 
equina lesion, the MUPs are likely to be prolonged and 
polyphasic, and other MUP parameters are also increased 
(Figures 43.3b and 43.4b).”? Similar marked changes are 
seen in patients with lumbosacral myelomeningocele. EMG 
was found to contribute to the prediction of functional out- 
come in children with spina bifida.” 

Penilo/clitoro-cavernosus reflex is useful in the 
evaluation of subjects with cauda equina and/or conus 
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medullaris lesions to assess the integrity of the reflex arc. In 
patients with a tethered cord syndrome, measurement of 
sacral reflex latency can be of additional value, as a very 
short reflex latency in this clinical situation supports the 
possibility of the abnormally low position of the conus 
medullaris.” Although in patients with a normal position 
of conus medullaris urodynamic studies better predicted 
occurence of a tight filum terminale, pathologic pudendal 
SEPs correlated with poor surgical outcomes.” 

Electrophysiologic assessment is useful to determine the 
sequels of the lesion, and in insidious cases for reaching the 
diagnosis. 


Sacral plexus and pudendal 
nerve lesions 


Neurologic lesions located in the sacral plexus and puden- 
dal nerves are less common than lesions of the cauda 
equina or conus medullaris. They can be caused by pelvic 
fractures, hip surgery, complicated deliveries, malignant 
infiltration, local radiotherapy, and the use of orthopedic 
traction tables. They are more often unilateral. In principle, 
one can distinguish between such a lesion and a cauda 
equina or conus medullaris lesion by unilateral absence of 
dorsal penile SNAP, and absent spontaneous denervation 
activity in the paravertebral muscles. However, both of 
these tests are difficult to perform (due to difficult unilat- 
eral dorsal penile/clitoral nerve stimulation, and absent 
paravertebral muscles in the lower sacral segments, respec- 
tively), so localization of the lesion will usually be made 
clinically, or in case of extensive sacral plexus lesions by 
examination of the first sacral and lower lumbar segments. 


Urinary retention in women 


For many years it was said that isolated urinary retention in 
young women was due either to psychogenic factors or was 
the first symptom of multiple sclerosis. However, CNEMG 
in this group has demonstrated that many such patients 
have profuse complex repetitive discharges (CRDs) and 
decelerating burst (DB) activity in the US muscle.! 

Why this activity should occur is not known, but in the 
syndrome described by one of the authors, it was associ- 
ated with polycystic ovaries.'°' Most commonly, the initial 
episode of urinary retention is precipitated by a gyneco- 
logic surgical procedure using general anesthesia, at the 
mean age of 28, and the condition does not progress to a 
general neurologic disorder.'” It was shown that this 
pathologic spontaneous activity endures during micturi- 
tion and may cause interrupted flow.'® The disorder of 
sphincter relaxation appears to lead to secondary changes 
in detrusor function — either instability or failure of 


contractility. A recent study showed that Fowler’s 
syndrome was the commonest cause of urinary retention 
in a series of 297 women.” 

Because CNEMG will detect both changes of denerva- 
tion and reinnervation as occur with a cauda equina lesion 
(see above), as well as this peculiar abnormal spontaneous 
activity, it can be argued that this test is mandatory in 
women with urinary retention.'®'” It should certainly 
be carried out before stigmatizing a woman as having 
‘psychogenic urinary retention. 


Patient groups with 
neurogenic bladders in whom 
uroneurophysiologic tests are 
of research interest 


Uroneurophysiologic techniques have been important in 
research, and substantiated hypotheses that a proportion 
of patients with sacral dysfunction, such as stress urinary 
and idiopathic fecal incontinence, have involvement of the 
nervous system,°!™ established the function of the sacral 
nervous system in patients with suprasacral spinal cord 
injury,” and revealed consequences of particular surg- 
eries.'°° However, in individual patients from these groups, 
uroneurophysiologic tests are unlikely to be contributory. 


Generalized peripheral 
neuropathies 


Generalized peripheral neuropathies, particularly those 
that affect thin nerve fibers, can also cause neurogenic 
bladder. Most important causes of such neuropathies are 
diabetes mellitus and acute inflammatory demyelinizing 
polyneuropathy (AIDP or Guillain-Barré syndrome). Most 
of these neuropathies are length-dependent, with longer 
fibers first and more severely affected. As a consequence, 
electrophysiologic tests applied on distal lower limb nerves 
will usually be more sensitive than when applied to nerves 
that innervate the perineal area/pelvic floor (see above).*° 


Diseases of the central 
nervous system 


Kinesiologic tests, performed as part of cystometric mea- 
surements, are often useful in patients with CNS signs hav- 
ing diagnosis of neurogenic bladder. Electrodiagnostic tests 
of conduction performed in patients with ‘central lesions’ 
are only very occasionally indicated. PSEPs were found to 
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provide information of diagnostic relevance in the initial 
diagnostic evaluation of patients with multiple sclerosis, 
and were also suggested as a screening test for cystometric 
evaluation in this population.’ CNEMG is not indicated 
in ‘central lesions’ unless segmental spinal cord (conus 
medullaris) involvement” is suspected (see above).! 


Conclusion 


Several electrophysiologic tests have been proposed for 
evaluation of the sacral nervous system. Although all tests 
mentioned in this chapter continue to be of research inter- 
est, it is the CNEMG in particular which is of definite value 
in the everyday routine diagnostic evaluation of selected 
groups of patients with pelvic floor dysfunction, atypical 
parkinsonism, and traumatic spinal and pelvic lesions, as 
well as of young women with urinary retention. 

It is expected that new computer-assisted techniques of 
CNEMG analysis will improve the usefulness of the test as 
a diagnostic method to reveal neuropathic pelvic floor 
muscle involvement. 

Further research into and experience with other dis- 
cussed neurophysiologic tests will reveal their contribution 
to the clinical assessment of individual patients, which is 
presently unknown. However, tests that have been available 
for about 30 years are unlikely to prove of high utility in 
clinical practice. 
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Practical guide to diagnosis and follow-up 
of patients with neurogenic bladder 


dysfunction 


Erik Schick and Jacques Corcos 


Introduction 


Many traumatic, congenital, tumoral, or degenerative 
neurological pathologies have direct consequences on vesi- 
courethral function. Imaging techniques will give informa- 
tion on the anatomic and morphologic status of the urinary 
tract. Endoscopy will provide further information, such as 
mucosal appearance, small tumors, urethral stenosis, the 
degree of prostatic enlargement, bladder stone(s) and ure- 
throvesical mobility in females. Urodynamics is the only 
diagnostic tool that allows functional evaluation of the uri- 
nary tract. It does not replace any of the other diagnostic 
modalities, but rather complements them. It plays a major 
role in therapeutic decisions and during follow-up. 

Urological surveillance of patients with neurogenic 
bladder dysfunction in different countries has been 
described by only a few authors,™* mainly in spinal cord 
injured patients. In the United States,' most physicians 
(85%) favor yearly renal ultrasound for routine surveil- 
lance of the upper urinary tract, and urodynamic studies 
(65%) for the evaluation of the lower urinary tract. In the 
United Kingdom and Eire,’ upper urinary tract screening 
and urodynamics are performed from annually to every 3 
years by the majority of physicians. In Japan,’ surveillance 
of the urinary tract is performed on a yearly basis by 
almost half (46.2%) of the 333 physicians involved in the 
surveillance and management of spinal cord injured 
patients who responded to a nationwide questionnaire. 
The great majority (71.8%) preferred abdominal ultra- 
sound for the upper urinary tract. In Canada,* 80% of 
urologists who treated patients with neurogenic bladder 
dysfunction favored yearly renal ultrasound and urody- 
namic studies. Table 44.1 summarizes these practice pat- 
terns. It should be noted that all authors emphasize the 
need for clear guidelines in this domain. 


Variation in practice patterns in the urological 


surveillance of patients with neurogenic bladder dysfunction 
in five different countries 


Country Upper tract (% of Lower tract (% of 
responders responders 
in agreement) in agreement) 

United States Yearly Yearly 
ultrasound videourodynamics 
(85%) (65%) 

United Kingdom Ultrasound: Ultrasound: 

and Eire 1-3 years 1-3 years 

Japan Yearly renal Yearly cystometry 
ultrasound (52.3%) 
(71.8%) 

Canada Yearly Yearly 
ultrasound urodynamics 
(80%) (80%) 


Neurogenic bladder 
dysfunction after trauma 


Traumatic injury to the central nervous system (cerebral or 
spinal) is often followed by the so-called spinal shock phase 
(see also Chapter 16). The bladder is areflexic during this 
phase, which may last from 2 weeks up to 8 weeks,** but 
sometimes up to 1 year.” Complete urodynamic evalua- 
tion during this period is useless.’ Intermittent catheteriza- 
tion is the best treatment modality. 

In the case of an incomplete spinal cord lesion, the reap- 
pearance of bladder sensation will indicate the end of the 
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CNS trauma —» Spinal shock ——~ End of Spinal shock 


(2 weeks to 1 year) 


No urodynamic studies 
CIC 


y 
Complete lesion: 


Reappearance of 
osteotendinous 
reflexes 
Spillage around 
bladder catheter 
UI between CIC 


Incomplete lesion: 


Reappearance of 
bladder sensation 


First urodynamic 
study 
Figure 44.1 


Initial evaluation and management of patients with central 
nervous system trauma. CNS: central nervous system; CIC: clean 
intermittent cathaterization; UI: urinary incontinence. 


spinal shock phase. In the case of a complete lesion, the 
reappearance of osteotendinous reflexes, urine spillage 
around the urethral catheter if it was left in place, and 
incontinence episodes between intermittent catheteriza- 
tions will suggest the presence of some kind of bladder 
activity. The first urodynamic evaluation is made at this 
time (Figure 44.1). 

The site of the neurologic lesion will give some indica- 
tion as to the type of neurogenic bladder function to 
expect. Lesions above T7 result in hyperreflexic bladder, 
whereas lesions at T11 or below result in areflexic bladder. 
Lesions between T8 and T10 constitute the ‘gray zone’, and 
can result either in hyperreflexic or areflexic bladder.’ 
Vesico-sphincteric dyssynergia is more difficult to predict 
because only two-thirds of hyperreflexic bladders will be 
accompanied by dyssynergic voiding.” 


Neurogenic bladder 
dysfunction after 
non-traumatic neurologic 
pathology 


Usually, the urologist will see these patients with a well- 
defined neurologic diagnosis when urinary symptoms 


Acute episode: 


Chlorpromazine -1mg | 


or intravenously 


Phentolamine -5mg | 


Chronically: 


Prazosin — 1mg orally once a day 


Before urologic manipulation: 
Nifedipine -10mg sublingually 30 min before the 
beginning of the procedure 


Figure 44.2 
Treatment of autonomic dysreflexia. 


are already present. In this case, immediate urodynamic 
evaluation is indicated, together with other diagnostic 
modalities such as urine culture, ultrasonographic imaging 
of the upper urinary tract, and free flowmetry, if possible. 


Autonomic dysreflexia 


Autonomic dysreflexia is an exaggerated sympathetic 
response to afferent stimulation when spinal cord injury 
(SCI) is at the level of T6 or above (see also Chapter 15). 
Acute, life-threatening autonomic dysreflexic episodes can 
be controlled by chlorpromazine (1 mg) or phentolamine 
(5 mg), given intravenously.” On a long-term basis, 
chronic a-adrenergic blockade in small doses, such as 
prazosin (1 mg daily), will be helpful.'’ Our practice is to 
administer nifedipine (10 mg), a calcium channel blocking 
agent, sublingually to patients with a potential risk of 
developing acute autonomic dysreflexia during urologic 
manipulations (e.g. endoscopy, urodynamics), 30 min 
before these procedures (Figure 44.2). 


Renal surveillance 


In a follow-up study by Donelly et al of paraplegics from 
World War II, renal disease was the most common cause of 
death in the first 20 years after the injury, accounting for 
40% of all deaths.'? More recently, in a series of 406 con- 
secutive SCI patients followed for 15 years, Webb et al"? 
reported a death rate of 0.5% (2/406) secondary from renal 
complications. This highlights the importance of dedicated 
follow-up to significantly reduce kidney-related mortality 
in these patients. 
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Repeat every 3-5 years 
unless change in 
symptoms 


Renal ultrasound’ combined with plain radiography 
of the abdomen” tends to replace intravenous pyelography 
(IVP) in upper urinary tract evaluation.'® Color flow 
Doppler sonography could eventually replace retrograde 
cystography in the detection of vesicoureteral reflux. 
Papadaki et al’? reported that color Doppler ultrasono- 
graphy diagnosed all grade IV and V, 87.5% of grade III, 
83.3% of grade II, and 57.4% of grade I refluxes. There 
were 6 false-positive and 5 false-negative findings among 
187 SCI adults. 

In many major SCI centers, radionuclide renograms are 
used for routine follow-up of renal function, instead of 
IVP.” A study by Phillips et al’® showed that a decline in 
effective plasma flow was the best predictor for therapeutic 
intervention. 

It has been our practice to obtain a renal ultrasonogram 
and a plain abdominal X-ray in all patients with neurogenic 
bladder dysfunction as part of their initial evaluation, 
together with urodynamic studies. The results of the latter 
give information on pressure conditions in the bladder. 
With a high-pressure system, the upper urinary tract is at 
high risk for deterioration, and upper tract monitoring 
should be more frequent (every 6-12 months). In the case 
of a low-pressure system, this danger is only relative, and we 
undertake renal ultrasound study approximately every 3-5 
years if no change in clinical symptoms suggests modifica- 
tion of the bladder’s pressure status. However, if clinical 
symptoms change, ultrasonography of the kidneys and 


Treat accordingly to 
obtain low-pressure 
reservoir 


system 


Figure 44.3 

Diagnosis and follow-up of patients with 
neurogenic bladder dysfunction. US, ultrasound; 
CIC, clean intermittent catheterization; KUB, plain 
abdominal X-ray; NBD, neurogenic bladder 
dysfunction; WW, watchful waiting. 


urodynamic studies are repeated promptly. Figure 44.3 
summarizes, in a schematic way, our initial evaluation and 
follow-up of patients with neurogenic bladder dysfunction. 


Urodynamics 


Urodynamics are cornerstones in the diagnosis and man- 
agement of neurogenic bladder dysfunction. In this respect, 
the main parameters that require special attention are high 
detrusor pressure during the filling or storage phase of 
he bladder (decreased bladder wall compliance and/or 
sustained detrusor contraction), and detrusor-external 
sphincter dyssynergia during micturition. (The problem 
of compliance has been detailed in Chapter 13 and that 
of detrusor-sphincter dyscoordination in Chapter 14.) 
Well-conducted, multichannel (video)urodynamic evalua- 
tion will highlight these conditions and consequently allow 
the initiation of appropriate therapeutic measures that 
should ultimately transform a high-pressure system to a 
low-pressure system. 


Endoscopy 


Cystourethroscopy is an essential part of the initial evalu- 
ation of all patients with neurogenic bladder dysfunction. 
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It allows visualization of anatomic urethral occlusion, 
especially in the male. It should be emphasized that 
there is a fundamental difference between occlusion and 
obstruction. Urethral occlusion means a more or less 
pronounced change in urethral caliber, such as a fibrotic 
stricture. This can be diagnosed endoscopically. In con- 
trast, obstruction is a dynamic concept, which, from the 
hydrodynamic point of view and simplified to some 
extent,’ essentially means a ‘high-pressure—low-flow’ 
relationship. This can be diagnosed by urodynamics. 
Benign prostatic enlargement illustrates the relationship 
between the two concepts. Endoscopically, one can 
observe a protrusion of the lateral lobes of the prostate 
into the urethral lumen, joining each other on the mid- 
line. From this picture, however, it is not possible to 
extrapolate how the detrusor will contract, and how the 
urethra will relax to allow voiding to take place. In other 
words, one cannot estimate to what extent this prostatic 
enlargement will interfere with flow and be responsible 
for an eventual obstruction. 

In the female, the best chance to visualize stress inconti- 
nence is to ask the patient to cough when the bladder 
has reached its cystometric capacity, at the end of the 
cystoscopic examination. Also, the best condition to 
evaluate the bladder neck hypermobility is when the 
bladder is completely empty. 

In both sexes, bladder wall trabeculation suggests an 
overactive bldder, rather than outlet obstruction (see also 
Chapter 36). 
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Classification of lower urinary tract dysfunction 


Anders Mattiasson 


Introduction 


A system of classification lives only as long as it is generally 
perceived to correspond to the reality it is intended to 
describe. The need to revise it is thus present on a contin- 
uous basis. The current classification system for disorders 
and terminology in the lower urinary tract’? needs to be 
revised.’ The new approach described herein does not 
represent any generally accepted system, but rather is a 
proposal for a new manner in which to view the reality. It 
is rooted in disorder/illness processes and injuries being 
described in terms of structure and function and not, as 
previously (and presently), primarily in terms of conse- 
quential effects such as symptoms. Actually, we should be 
speaking of lower urinary tract disorders. Dysfunction in 
fact describes only one half of the structure + function pair. 
We should also be quite aware that a classification that we 
use as researchers due to, among other things, pedagogical 
reasons, must ultimately be separated from the one which 
we in the capacity of caregivers use in contact with, for 
example, the patients. 

In this chapter the general classification of lower urinary 
tract disorders comprises the subject matter, and thus does 
not specifically deal with the present system for classifica- 
tion of neurogenic disorders, since this is presented in Parts 
II and III. A consistent and uniform way of looking at 
things comprises the basis of a functioning classification 
system. What one chooses as the basis for the system is in 
fact of crucial significance. In most of the other fields of 
medicine, illnesses and injuries are described in patho- 
physiologic terms. So the case ought to be the same on the 
part of the lower urinary tract. Hence, it is difficult to 
maintain a system that is based upon a description of the 
circumstances for the genesis of different forms of urinary 
incontinence. In certain cases it is the patient’s subjective 
experiences that are the point of departure, such as with 
urge and so-called overactive bladder, whereas physical 
exertion or stress is the point of departure in other cases. 
Instead, it is more constructive to describe how the tissues 
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Figure 45.1 

Lower urinary tract disorders are best described in 
pathophysiologic terms of structure and function. Symptoms 
and bother are secondary phenomena, and therefore not as 
suitable for the primary classification. QoL, quality of life; 
Socioecon., socioeconomics; Mol, molecule. 


and organs are engaged on different levels in terms of 
structure and function (S + F) right down to the cell and 
molecular biology level, and to then describe what the con- 
sequences are that give rise to symptoms and difficulties 
and other conceivable consequential effects.* This can be 
illustrated as in Figure 45.1. 

By deciding to use S + F as a basis for a classification sys- 
tem, a decision has been made once and for all as far as it 
concerns this system precisely. All divisions and categoriza- 
tions must then, in its continuation, also fit in with each 
other in the holistic spirit described above. Structure and 
function are different ways of regarding and expressing the 
same thing. Complete covariance can be presumed to exist 
in a well-balanced situation. Structural changes do not 
occur without altered functionality and vice versa. 

This is how the situation appears in a simple system 
(Figure 45.2). When multiple tissues and multiple organs 
are connected together, as in the lower urinary tract, new 
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Figure 45.2 
All levels and all parts of the lower urinary tract and its 
innervation can be included in one matrix. 


conditions arise, where the different parts come to influ- 
ence each other. In reality, they are all part of a balanced sit- 
uation intended to fulfill the task of storing and evacuating 
urine, and an imbalance in one of the parts inexorably 
comes to have an effect on the other component parts. The 
lower urinary tract acts as a single functional unit. 

All of the different parts of the micturition cycle and the 
different components of the lower urinary tract cannot, 
however, be included in a fully comprehensive classifica- 
tion system without them being represented at all levels. 
This is especially important as the lower urinary tract con- 
tains within itself functions that are diametrically opposed 
in every individual part, i.e. in a part of the micturition 
cycle optimized for storage and in a different part for 
emptying. In such a case it is important to capture all these 
parts as well as the transition forms between them. Hence 
not only should the bladder, trigone/bladder neck, and ure- 
thra be included but also the vagina, prostate, pelvic floor, 
as well as all the different types of supporting structures. 
Vessels and nerves have not been mentioned, but are 
included of course, and strictly speaking the parts of the 
nervous system involved must also be included in order to 
form a whole (Figure 45.3). 


The micturition cycle 


The classification and thus the description of lower urinary 
tract disturbances is directly dependent on where one finds 
oneself in the micturition cycle. Due to the filling and dis- 
charge functions being so intimately intertwined, it is often 
difficult to distinguish which signals are related to what 
parts of the urinary tract. For example, during filling of the 
bladder, activity including detrusor contractions can arise 
too early. This is in fact activity that is characteristic of 
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When all parts of the lower urinary tract and the whole 
micturition cycle are characterized regarding both structure and 
function, the result will be a complete recognition pattern. 
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classification systems 


Figure 45.4 

When the pressure changes of the bladder and the urethra 
before and after the expulsion of urine are both included in the 
emptying phase, this also means that the storage and the 
emptying phases of the micturition cycle have been redefined. 


emptying that appears here during filling. How should this 
be classified — as storage-related or emptying-related? To 
do this, the initial point of departure must be fixed. Since 
the functional status of the lower urinary tract changes in 
step with the filling and emptying, we must have multiple 
well-defined points of departure. These actually differ 
from one another, and collectively represent the entire mic- 
turition cycle. The activity that belongs in the different 
phases can be represented graphically with a simple sketch 
(Figure 45.4) that depicts the pressure conditions in the 
bladder and urethra during the different parts of the 
micturition cycle. 

It is logical to make a new division of the micturition 
cycle in such a manner that the emptying also encompasses 
the short transitions between storage and evacuation. It is 
of course precisely at their beginning and ending, respec- 
tively, that the storage pattern is broken. The commence- 
ment of micturition concerns the direct preparations for 
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Nervous system 


Nervous system 


Figure 45.5 

The lower urinary tract (LUT) and the nervous system are 
balancing each other. All parts influence each other. The system 
becomes more labile with increasing filling of the bladder 
(triangle). A disturbance can be balanced out, i.e. a disorder can 
be present without causing any symptoms. 


emptying, such as the pressure drop in the urethra that 
takes place during the flow of urine itself. This also applies 
for the cessation of micturition when the pressure condi- 
tions are restored after the flow has ended. The entire 
storage phase is then governed by a picture that in itself is 
dynamic, but which in terms of pressure is essentially con- 
stant. It is an important and critical point in the micturi- 
tion cycle when diametrically opposed functions, in 
contrast to those that have been prevailing, normally for 
a number of hours, need to be established in order to 
perform the emptying. The storage-to-emptying turning 
point is quite important and it has been proposed that it be 
given an identity of its own, namely the ‘SE turn’. 


The balance between the 
lower urinary tract and the 
nervous system 


The lower urinary tract and the parts of the nervous system 
involved in the micturition cycle balance each other in a 
purposeful manner independently of the functional phase 
(Figure 45.5). They are so intimately associated that they 
can be regarded as the partners in a marriage, i.e. a unit in 
which both parts are needed to a similar degree. In the clas- 
sification system that is based upon structure and function, 
no distinction is drawn between the lower urinary tract 
and the nervous structures involved. 

During the storage phase, an adjustment occurs in 
the bladder wall for the increasing volume without any 


appreciable rise in pressure. Nevertheless, the afferent 
input increases and gradually increasing activity can be 
read in, for example, the external sphincter in step with the 
filling of the bladder. Continence is preserved at the blad- 
der neck level, i.e. a low-pressure system for closure. In 
connection with exertion, activation of the pelvic floor and 
compression of the urethra become significant factors in 
the maintenance of continence. Somatic and adrenergic 
innervation of striated and smooth musculature are the 
most influential neuromuscular mechanisms of the closure 
function. The afferent nerve activity gradually seems to 
increase with the filling of the bladder, whereas efferent 
cholinergic innervation via the pelvic nerves is regarded as 
being inhibited during the bladder’s filling phase. 

A special situation exists in the lower urinary tract in the 
manner in which mechanisms are activated to guarantee 
the shutting off of the outflow and urethra, and thus con- 
tinence, at the same rate as which a preparedness is also 
built up to be able to open up precisely these structures 
instantaneously. One cannot rule out the possibility that 
the activation of the continence-preserving external ure- 
thral sphincter leads to an activation of afferent pathways 
which have an inhibitory effect in the spinal cord and on 
the pelvic nerves. When the contraction in the sphincter is 
voluntarily released on command from higher centers, 
inhibitory influence that prevents the activation of the 
micturition reflex disappears, and activation with accom- 
panying opening of the outflow tract can occur. With such 
an arrangement, the apparently paradoxical arrangement 
with the simultaneous building up of activity that pro- 
motes both filling and emptying would appear to be both 
possible and easily explained. 

Upon initiation of emptying, a significant change occurs 
in the nervous and muscular activity. The outflow tract and 
the urethra must be opened and bladder contraction initi- 
ated. Positive feedback must be established and maintained 
all the way to complete bladder emptying. In order to cause 
the opening of the intermediate segment and the external 
sphincter, the stimulation of the smooth and striated 
muscle contraction that participates in the closure is 
minimized, i.e. adrenergic and somatic nervous activity 
is inhibited. At the same time, a contraction probably 
occurs of certain muscle fibers in order for the funneling 
of the outflow tract to be able to take place. In addition, 
relaxation-mediating substances are released to ensure an 
open outflow tract and the least possible resistance. The 
bladder contraction is certainly effectuated primarily 
under cholinergic influence; however, other substances do 
seem to be of significance, particularly with functional 
disorders. We also know that altered activity in C fibers in 
the bladder is significant in the process of increased activa- 
tion of the entire system that takes place as a preparation 
for emptying. This is perhaps also significant for normal 
functioning, even though the perception has long been that 
the C fibers are normally tacit. 
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This switching between diametrically different func- 
tional states has spawned the ‘on-and-off’ concept. For 
individual structures and functions, it works well for 
describing a course of events. However, the whole is com- 
prised of a number of on-and-off pairs, which do not oper- 
ate in step with each other; hence, the designation ceases to 
be appropriate. When one adds that simultaneously excit- 
ing and inhibiting influences on nerves and/or muscles 
seem to be typical for different parts of the lower urinary 
tract during both filling and emptying, one understands 
why on-and-off can only be used to describe the occur- 
rence of reciprocity in itself, not the course of events in the 
lower urinary tract. 

It is possible to say, as shown in Figure 45.5, that the 
degree of instability in the system increases with an 
increasing degree of bladder filling. Under normal circum- 
stances the system is of course in balance; however, in the 
event of illness/injury the main focus is displaced, albeit 
with retained balance, i.e. without any signs of any dis- 
order. It is thus not always the case that this imbalance 
is synonymous with symptoms presenting themselves. 
For example, with a bladder outlet obstruction, reduced 
detrusor functionality can arise secondarily to the outlet 
obstruction without the individual experiencing any 
symptoms. The same applies of course with other types of 
disruptions. When the disease process proceeds or when 
the system is provoked, e.g. through an increasing degree of 
bladder filling, an imbalance arises. 


Classification according to 
involvement of the nervous 
system 


In principle it can be said that all disruptions that give rise 
to symptoms have a neurogenic component. The center for 
the perception of the illness/injury is, of course, also 
involved, since it is located in the same nervous system on 
a slightly higher level, and there, among other things, it 
contains the consciousness (Figure 45.6). 

If the disorder/injury has its origin purely in the nervous 
system (1), the disruption can be regarded as primarily 
neurogenic; however, as soon as the lower urinary tract 
becomes involved it then contains both a neurogenic as 
well as a LUT component. The situation is the same with 
disorders and injuries that engage the lower urinary tract 
itself, i.e. most often they are both neurogenic and LUT 
primarily at the same time, i.e. partly neurogenic and 
partly LUT. 

Partly neurogenic disorders usually involve a loss — e.g. 
neuromuscular injuries with female disorders — whereas 
secondary neurogenic usually means compensation — e.g. 
with BPH and outlet obstruction. 
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Figure 45.6 
Different types of lower urinary tract disorders and their relation 
to the nervous system (see also Figure 45.7). 
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Figure 45.7 

Different types of lower urinary tract disorders and their 
relation to the nervous system (see also Figure 45.6). 

Light bars refer to primary site of disorder/lesion, dark bars to 
secondary involvement. 1, primary neurogenic; 

2, partly neurogenic, primary; 3, secondarily neurogenic; 

4, non-neurogenic, LUT. 


Disorder, consequences, and 
comorbidity 


Primary LUT disorders can thus be non-neurogenic or 
partly neurogenic. Those that are partly neurogenic 
encompass a pathophysiologic process/lesion which 
probably rarely stops with this, but rather due to the pres- 
ence of the disease process changes will appear both in it 
and in the tissues/organ that is affected, in this case the 
lower urinary tract. Precisely because the lower urinary 
tract is so closeknit functionally and morphologically, 
processes which injure a part of it will often ultimately 
also damage the whole. Figure 45.8 shows how different 
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Figure 45.8 
In a given clinical situation it is often unclear from what part of 
the pathophysiologic process that symptoms emanate. 
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Figure 45.9 
The interdependence of the disorder, its consequences, and the 
influence from other disease processes. 


factors can be related in an entire chain, and that an indi- 
vidual symptom can be difficult to connect clinically to a 
certain factor. 

Complicating factors are often logically intertwined with 
the disorder, even if the link may be latent. With comor- 
bidity, the situation is, however, slightly different. Many of 
the changes which engage the organism as a whole, or of 
other organ systems, can affect the lower urinary tract and 
either initiate dysfunctional conditions on their own, or in 
conjunction with other causes, or affect a previously exist- 
ing illness process (Figure 45.9). An example of a situation 
where difficulties can exist in reading what contributes to 
an illness picture is an outflow obstruction with BPH as 
well as simultaneous metabolic factors, possibly with an 
influence on the autonomous innervation of the lower 
urinary tract. 


Figure 45.10 

A simulated three-dimensional recognition pattern can reflect 
the influence of the disorder and its consequences, i.e. the 
impact on the lower urinary tract in different parts of the 
micturition cycle. Arbitrary scale. 


Patterns of recognition 


In theory, one can collect information on structure and 
functionality as measurements of different types in all 
parts of the lower urinary tract during all parts of the 
micturition cycle (Figure 45.10). 

By illustrating this graphically on a simulated three- 
dimensional display, different disorder conditions are 
recognizable by their distinctive features, i.e. as patterns of 
recognition. Information on completely normal individu- 
als of both genders and at different ages would serve as a 
reference. An example of a pattern of recognition is shown 
in Figure 45.10. At present it is not possible to work with 
such an abundance of detail; however, the largest and most 
important of the parts must represent the whole. It then is 
advantageous to seek to attain a degree of representation 
for different levels in the lower urinary tract and its func- 
tions. To include the bladder and external sphincter seems 
quite natural, but so does including the parts that play a 
central role in the pressure-changing phases, i.e. the 
trigone, bladder neck, and proximal urethra. Since we do 
not know precisely the details of the functional contribu- 
tions of these structures to low-pressure shutting during 
storage and funneling as well as pressure decreases during 
emptying, we can amalgamate them into an intermediate 
segment with intermediate functionality. 

Figure 45.11 illustrates three parts — the external sphinc- 
ter, the intermediate segment, and the bladder — for a nor- 
mal man (a) and woman (c) as well as during emptying 
with the unisex picture A’C’. Figure 45.11b shows how the 
prostate has a negative influence on the dynamics of the 
intermediate segment and also how the lumen is restricted 
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Asimplified, reduced model of the lower urinary tract, 
introducing the intermediate segment. Three essential 
components — the bladder, the intermediate segment, and the 
external sphincter — of the lower urinary tract in both men and 
women are in this model. To this can be added the pelvic floor 
in the female and the prostate in the male. Further explanations 
are given in the text. 


by adenomas with a reduced flow of urine as a conse- 
quence, whereas Figure 45.11d shows how it can appear 
with incontinent women, i.e. with a higher flow than 
normal. 


A harmonic micturition cycle? 


Lower urinary tract functionality in women with inconti- 
nence appears to be characterized by diminished outflow 
resistance and more efficient emptying than normal, 
whereas increased resistance and more difficult emptying 
as well as a changed voiding pattern seem to be typical for 
men with an outlet obstruction. One could say that it is 
easier for women to trigger emptying as a consequence of 
the decline in neuromuscular functionality, whereas for 
men it is easier to trigger and more difficult to empty due 
to the appearance of an obstruction. Even if both men and 
women show altered innervation as an element of these 
changes, the synchronization between the different compo- 
nent parts is still preserved. With such harmonic disorders 
the fundamental pattern of the micturition cycle is actually 
preserved. Even if overactivity, obstructions, or disloca- 
tions — via, for example, provocations — occur, the synchro- 
nization still continues to be maintained. 

However, with disharmonic conditions, this pattern is 
broken such that simultaneously occurring activities in dif- 
ferent parts of the lower urinary tract functionally oppose 
each other, resulting for example in an unsettled filling 
phase or more difficult emptying with an obstruction. This 


is first and foremost characteristic of many primarily neu- 
rogenic disturbances. With central neurogenic disruptions, 
the picture is dominated by mass motor behavior, dys- 
synergy, and overactivity. With peripheral neurogenic and 
mixed disruptions there is usually a lower degree of activ- 
ity, synergy more often than not, and both overactivity and 
underactivity are common occurrences. Disharmonic dis- 
ruptions can arise without any form of micturition reflex, 
with pathologic reflexes, and range to being with normal 
reflexes. The activity can thus at times arise unexpectedly 
during a part of the micturition cycle where it should nor- 
mally not occur, such as overactivity. If this is synchronized 
with other parts so that the result, for example, becomes a 
premature micturition reflex, then it has a completely dif- 
ferent clinical significance than if it were to appear to be 
unsynchronized and a bladder contraction takes place for a 
discharge that does not participate in the opening up, or 
which even actively shuts, as with detrusor-sphincter 
dyssynergy. Harmonic and disharmonic disruptions can 
thus be designated as synchronous or asynchronous. 

By far the most disruptions that are not primarily neu- 
rogenic are characterized by overactivity. Even if sensory 
overactivity is important, it is the efferent motor overactiv- 
ity that receives most of our attention. We prefer to view 
the bladder during filling and the urethra and outlet dur- 
ing emptying as being passive; then we contrast our per- 
ception of the functional condition with the conspicuous 
activity that they both show during emptying and filling, 
respectively. This is a way of looking at it that leads to 
errors in terms of classification. The bladder is character- 
ized, like the outlet and urethra, by both activity and pas- 
sivity simultaneously during both filling and emptying. To 
then attribute to solely the more obvious and visible parts 
of these many different activities the epithet ‘active’ or 
‘overactive’ does not lead to a firm foundation for classifi- 
cation: that not only excitation and contraction but also an 
inhibitory nervous influence can be designated to be an 
activity is in a way easy to comprehend. 


Time-related changes 


As mentioned above, when a disorder process finds a 
foothold, completely regardless of whether it is spreading 
itself or not, it leads to changes in other parts of the lower 
urinary tract by affecting the balance. As time goes on, this 
imbalance grows if new balancing factors do not counter- 
balance the changes. Step by step those parts which are 
situated at the levels above the illness/injury become 
involved. Usually it is chronic conditions with a time scale 
spanning decades (Figure 45.12). 

Trophic-structural changes are the rule, and are usually 
most pronounced in individuals who have higher degrees 
of obstruction and/or overactivity. With women, it pri- 
marily involves, simply put, what is being lost; with men, 
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Figure 45.12 
Nonmalignant disorders of the lower urinary tract often develop 
slowly over considerable periods of time. 


what is being added; and with neurogenic disturbances, 
what is being reorganized. So, in addition to effects on the 
dynamics of the intermediate segment, a mechanical effect 
on the lumen of the urethra, and a certain flow limitation, 
a changed prostate also has effects on the bladder and 
therewith the nervous system. If no progress occurs in the 
primary process, growth in the secondarily arising changes 
will probably still occur. When remedying a problem in the 
lower urinary tract it is thus important that one can take 
hold of the problem by the root: i.e. don’t treat problems 
that are related to the influence of the bladder first of all, 
but remedy the negative influence of the prostate on the 
urethra and the intermediate segment as the first priority. 
Although this is probably self-evident, it nevertheless 
deserves to be mentioned in this context. 

The process that leads to female incontinence, and 
which probably often has begun with trauma in connec- 
tion with childbirth, is chronic and progressive in its 
nature, bringing, e.g., post-polio syndrome to mind. 
Functional disturbances in the lower urinary tract are 
nearly always chronic conditions that cannot always be 
reversed, just compensated for, and naturally in the best 
case can even be prevented. Changes conditioned by the 
age of the organism must also be added to the pathophysi- 
ologic process. 


Bladder outlet obstruction 


Bladder outlet obstruction (BOO) usually develops slowly, 
i.e. over many years.*® It is much more common among 
men and mainly involves an impediment in the bladder 
neck and/or prostate.” An altered micturition pattern typi- 
cally occurs, both with regard to the distribution of the 
instances of micturition during the day as well as to the 
characteristics of the individual instance of emptying in 
terms of how quickly and efficiently the emptying is initi- 
ated and carried out. We can also see how a pattern in the 
development of the obstruction picture grows over time as 
being to a large extent dependent upon the reaction to the 


Obstruction, state 


Obstruction, process 


Figure 45.13 

Obstruction is presently defined as illustrated in the upper left 
part of this nomogram from the International Continence 
Society (ICS). Obstruction can, however, also be a process over 
time, with a change in the direction of recognized obstruction. 


impediment, i.e. the lower urinary tract above the impedi- 
ment and the nervous system reacting to the occurrence of 
a downstream obstruction to emptying.* The outflow 
resistance may be constant, but the reaction may become 
variable over time. Using current obstruction classification 
techniques, a clear discrepancy exists between the symp- 
tom picture that the patient reports and the findings of 
examinations we make with, for example, urodynamics in 
the form of pressure-flow measurements,”!” probably 
because our formula for obstruction is far too simplified. 
Factors that are related to an elevated urethral resistance 
ought to be complemented with a number of additional 
factors, as set out below. 

The development of an obstruction usually involves 
successively more difficult emptying. The point in time of 
establishment is difficult to determine, as is obvious in an 
illustration of obstruction as a process besides the static 
condition we use for classification of obstruction today 
(Figure 45.13). In the typical case, an obstruction is a pro- 
gressive process, and the development itself of an impedi- 
ment is part of this process, i.e. a part of the obstruction; 
therefore, we must also include these circumstances in the 
new equation in order to describe impediments to evacua- 
tion of the bladder. 

The obstruction can be characterized in different ways, 
depending upon where in the development cycle of the 
reaction to this change one finds oneself (Figure 45.14). 
Obstruction is not only equal to an increased urethral 
resistance, as with prostate adenoma or the like, but also 
changes in the level of the bladder neck, which in such 
cases can either be isolated or occur together with, for 
example, BPH (Figure 45.15). 

An obstruction below the external sphincter as with, for 
example, a urethral stricture gives a different clinical pic- 
ture than the one which appears when the bladder outflow 
and external sphincter are engaged. With a stricture, 
features of irritative symptoms such as urgency, etc., are 
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Figure 45.14 

Given a certain increased, but over time unchanged, urethral 
outlet resistance, changes that are induced in the bladder, the 
nervous system, and in vessels can contribute to compensation 
with detrusor pressure increase during contraction, etc., in an 
early phase. One of the consequences of this changed function 
and the following remodeling of the bladder wall will be a 
decreased performance at comparable levels later during this 
process, and thus a decompensation. 
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Figure 45.15 

The increased detrusor pressure and the decreased urinary flow 
rate (not shown) used to reflect an outlet obstruction is only 
representing the moment of maximum performance, which 
means that an impediment of the opening function might only 
be caught and classified as an obstruction when we have 
included any hindrance to the emptying phase (shown as ‘New’ 
in Figure 45.4) in our definition of obstruction. 


seldom seen, whereas this is common with more proximal 
obstructive processes. 


Female incontinence 


That the relationships between different female inconti- 
nence groups using the currently prevailing classification 
system, which of course builds upon the stress, urge, 
mixed, and overactivity terminology, have not become 
clearer over the years is certainly related to an insufficient 
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Figure 45.16 

A neuromuscular insufficiency in the lower urinary tract might 
be present in many more women than those being incontinent. 
Urgency, overactivity, and incontinence might or might not be 
present. The relation between different types of female 
incontinence might be better understood. 


knowledge of the structure and functionality of the under- 
lying disorder processes, and thus the possibility of making 
comparisons.!! 

Neuromuscular insufficiency, triggering of normal or 
pathologic reflex activity with or without sensations of 
urgency, and possible occurrences of incontinence can be 
described with the simple schedule illustrated in Figure 
45.16. More detailed investigations of the different groups, 
particularly of the urethra and the pelvic floor, have in 
recent years only managed to move the different inconti- 
nence groups closer to each other.'*!? Changes which they 
share include a weakness in the musculature of the urethra, 
pelvic floor, and vaginal wall, which should have a closing 
effect during stress, and a — possibly of reactive origin — 
faster establishment of the opening phase and more 
effective emptying pattern during micturition. A swift acti- 
vation of emptying seems to be present, which involves a 
lowering of the pressure in the urethra. This pattern seems 
to be just as common in incontinent women without 
urgency, i.e. those that must be classified under stress 
incontinence using the current terminology. 

What could such observations then mean for the classi- 
fication of disorder(s) eventually leading to female incon- 
tinence? One cannot rule out that such opening activity 
comprises one, and perhaps the foremost, of the least com- 
mon denominators for different types of female inconti- 
nence.'* Stress incontinence would then not only be 
composed of a passive component with insufficient closure 
due to imperfect contraction during stress but also have an 
active component in the form of a relaxation, a pressure 
drop, and opening of the urethra in the same situations. 
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Figure 45.17 

The ability to increase the urethral pressure during squeeze 
seems to also prevent pressure fall and urethral relaxation, 
whereas incontinent women who often have a reduced ability to 
increase the intraurethral pressure also present with a urethral 
relaxation. (Reproduced with permission from Teleman et al."3) 


Such easily triggered relaxation activity that is associated 
with urgency would become classified in our present sys- 
tem as overactive bladder or mixed and urge incontinence, 
depending upon whether the leakage needs to be triggered 
with physical exertion and whether urge sensations are pre- 
sent or not. In contrast, using the pathophysiologic process 
for classification would in its functional part instead be 
characterized by a loss of the functionality in closing abili- 
ties of the musculature and reveal the penetration of a 
relaxation-mediating component in a manner that is illus- 
trated by a movement from left to right in Figure 45.17. 

To bring together a new model that builds upon the 
simultaneous occurrence of neuromuscular insufficiency 
and an increased tendency for activation of emptying- 
encouraging mechanisms with the traditional stress, 
mixed, and urge model would give a result that looks like 
Figure 45.18. 


Increased lower urinary tract 
activity 


There are many different types of overactivity." All pos- 
sible nervous activity and a set of different transmitters 
or so-called neuromodulators can play important roles 
in the generation of overactivity. Solely afferent overac- 
tivity with a sensory experience connected to it does 
exist. Solely efferent overactivity is somewhat more diffi- 
cult to imagine; however, we certainly all believe that it is 
possible that purely efferential mechanisms can have 
an influence on, for example, reflex arches and cause 
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Figure 45.18 

A combination of neuromuscular insufficiency and overactive 
behavior of the lower urinary tract could be a better way than 
stress, urge, and mixed to describe the condition giving rise to 
incontinence in women. 


overactivity to arise. Combinations are common. 
Afferent overactivity is probably driving the process in 
by far the most cases. It is worthwile to remember that a 
lower urinary tract that is disconnected from a func- 
tional context, i.e. without the passage of urine, does not 
make a nuisance of itself if complicating factors such as 
infections do not arise. 

One often speaks of the significance of neurogenic and 
myogenic factors. It is important to map out both nerves 
and muscles; however, without the presence and contribu- 
tion of both, there will not be much coordinated activity. 
Isolated myogenic activity with tonus and tension effects 
on the walls of the lower urinary tract can be found 
despite this. 

Significant trophic changes are often a part of the patho- 
physiologic process in functional lower urinary tract disor- 
ders. This is quite natural since structure and functionality 
go hand-in-hand. At the same time, it is worth noting that 
the prerequisites for pliability in this case seem particularly 
large, as nerves and muscles appear to interact: e.g. through 
the production and influence of nerve-stimulating growth 
factors. 

Since the pattern of overactivity with a pressure drop in 
the urethra which immediately precedes the rise in bladder 
pressure is the same as what one sees at the onset of 
micturition, it appears reasonable to presume that the 
sequence of events is the same in both situations (Figure 
45.19). If such is the case, then one can also characterize 
the overactivity as LUT instead of detrusor, since all parts 
of the lower urinary tract seem to be engaged. In addition, 
it is certainly more precise to call overactivity of this type 
emptying-related instead of filling-related, as is currently 
the case with the classification of symptoms related to so- 
called overactive bladder (Figure 45.20). 
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Figure 45.19 The same sequence of events with a urethral 
pressure fall that precedes the detrusor pressure increase is 
found in both overactivity and at the start of a normal 
micturition cycle. It seems reasonable to see this overactivity as 
emptying-related in nature rather than storage-related. 
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The proximal urethra is a probable trigger zone for LUT 
overactivity in both men and women. Another zone comprises 
the bladder. 


A simplified structure and 
function based classification 
of lower urinary tract 
disorders 


Since it is not possible to map out all parts of every patient, 
there is a strong desire to be able to limit one’s observations 
with respect to structure and functionality to a reasonable 
number. A simplified model that allows this should be 
able to include observations from the bladder and the out- 
let/urethra at an early point during bladder filling, at a late 
point in the filling phase, and with a provocation at the lat- 
ter or both, as well as also having observations relating to 
the emptying of the bladder. With this, we must be able to 
move the focus from the bladder to also encompassing the 
outlet, urethra, prostate/pelvic floor, as well as including an 
evaluation of nervous functions as a part of our routine 
status. In doing so, we will be able to see the pathophysio- 
logic process and the disorder or injury as forming a basis 
for our classification. The symptom picture and other con- 
sequences should be added in order to describe manifesta- 
tions which the patient experiences of the changes 
that have arisen. In a simplified model we cannot handle 
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Figure 45.21 

Asimplified pattern of recognition can be based on a reduced 
number of observations, and thus provide a framework for 
clinical use. SE, storage, early; SL, storage, late; p, provocation; 
E, emptying. Arbitrary scale. 
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Figure 45.22 

Important consequences of the patient’s disorder are symptoms, 
behavior, bother, consequences for quality of life (QoL), and the 
socioeconomic situation. With increasing consequences, an 
increased interest should be expected from different groups and 
from society at large. 


anything other than those structures and functions that we 
regard as being most essential in the micturition cycle. 
Among these, we count the bladder and the external 
sphincter, and then we should include the function that is 
responsible for shutting and opening at the bladder neck 
level and in the proximal urethra. Along these lines we 
probably would include the trigone, bladder neck, with 
men the preprostatic urethra, smooth musculature in the 
proximal urethra, and the mucous membrane in this area. 
It is more practical to regard these in their interrelation- 
ships and quite simply call them the intermediate segment 
and the intermediate function (Figure 45.11). 

How comprehensive in the sense of how widespread 
and how intensive a change is and how large an engagement it 
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creates in the surrounding tissues and structures is important 
to include in a good classification. In addition, one should 
have a picture of whether afferent and efferent innervation in 
the three different fundamental parts displays normal charac- 
teristics or whether signs of altered innervation/functionality 
exist. This appears to be knowledge of increasing importance. 
Placing an extra emphasis on nerves and nervous activity is in 
line with the fundamental classification model, which pro- 
ceeds from the neurogenic component in a disruption of the 
LUT. How this should be carried out and the means by which 
one should procure this information are of course important 
questions, but are not covered here. After sufficient experience 
has been built up, one can probably content oneself with a few 
of the parameters mentioned. A simplified pattern of recogni- 
tion could then look like Figure 45.21 in its basic structure. 


Consequences of disorders 


The symptoms and the difficulties that an individual feels 
and experiences are of course completely central for how 
one should regard the illness/injury. However, they are 
consequences of what has been incurred, and thus are sec- 
ondary to their nature in a classification context (Figure 
45.22). That the quality of life is affected to a significant 
degree by disruptions to the functionality of the lower 
urinary tract is clear, and likewise that the financial conse- 
quences for both the individual and society are most often 
significant. Their mutual interrelationship can be illus- 
trated by Figure 45.22. A number of different confirming 
instruments has already been prepared in order to estimate 
the scope and significance of these consequences, and con- 
tinued developmental work will provide us with still better 
measuring instruments. 
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Conservative treatment 


Jean-Jacques Wyndaele 


Introduction 


Conservative treatment is the most applied treatment 
modality in neurogenic bladder. The reasons for this are 
clear: most conservative therapeutic methods are cheap, 
available to the vast majority of patients around the world, 
and, within the limits of proper application, complications 
are rare. 

In this chapter we will give an overview of most tech- 
niques used in conservative treatment, including behav- 
ioral techniques, physiotherapy, and catheterization. 


Behavioral techniques 


The philosophy behind behavioral techniques is that one 
can only have a reasonable chance of acquiring a balanced 
bladder if daily life adjustments are made to the new 
situation of the lower urinary tract function caused by the 
neuropathy. Adjustments can be: 


e Scheduled voiding or catheterization at fixed times 
during the day when sensation is pathologic. 

e Voiding several times consecutively in order to lower a 
residual. 

e Increasing the voiding interval to treat frequency. This 
includes ‘bladder drill’, aimed at retraining the bladder 
to hold more urine and inhibit inappropriate detrusor 
contractions during the filling phase of the micturition 
cycle. 

e Adapting drinking habits, which includes balanced 
spread of fluid intake and advice on avoiding caf- 
feinated beverages and identifying individual bladder 
irritants. 

e Making the toilet more accessible and improving the 
patient’s mobility. 

e Changing drug intake if this influences diuresis and/or 
bladder function. 


e Treatment of other physical or psychologic problems 
such as constipation and depression.! 


Hadley divided scheduling regimens into four concep- 
tual categories: bladder training, habit retraining, timed 
voiding, and prompted voiding.’ 

Keeping a voiding diary can offer information on func- 
tional bladder capacity, leakage, and sensation, which are 
important data for adjusting treatment and for a better 
understanding by patient and physician. Keeping a voiding 
diary can also have a therapeutic effect and, by itself, can 
lead to greater comfort.? 

Behavioral adaptation and advice is important in all 
patients. 


Physiotherapy 


Detrusor overactivity from defective central inhibition or 
increased detrusor afferent activity can be improved by 
reinforcing inhibitory pathways. In the storage phase a 
number of detrusor inhibitory reflexes have been described 
as emanating from the detrusor via the sympathetic nerves 
and from the pelvic floor and external urethral sphincter 
via pudendal afferents.* The latter reflex implies that the 
resting tone in the pelvic floor and external urethral 
sphincter (supplied by branches of the pudendal nerve: 
S2-4) has an inhibitory effect on the detrusor. 
Furthermore, active contraction of these muscle fibers is 
said to enhance this inhibitory effect. Consequently, pelvic 
floor training should benefit those patients with weak 
pelvic musculature. The nerve roots of S2—4 are also 
involved in some muscles of the lower limb, and there is 
evidence that activation of S2-4 myotomes may have an 
inhibitory effect on the detrusor. These muscles include the 
gluteus maximus, the plantar flexors, and some small mus- 
cles of the foot. Hence, one can observe young children 
activating these myotomes, standing on tiptoes to suppress 


552 Textbook of the Neurogenic Bladder 


urgency, and there is no reason why adults cannot use this 
‘trick.>® 

The sacral dermatomes include the saddle area and the 
back of the thighs and legs. In particular, the anus, clitoris, 
and glans penis are well supplied with sensory nerves, and 
activation of these afferents can inhibit the detrusor.® 
Centrally, when these afferents are activated by electrical 
stimulation, they have at least two effects: (1) by provoking 
the inhibitory sympathetic neurons to the ganglia and the 
detrusor, and (2) by providing central inhibition of the 
preganglionic bladder motor neurons through a direct 
route in the sacral cord. Some young girls have been 
observed to “‘curtsy’ to control urgency. The pressure of 
the heel on the perineum presumably activates the sacral 
dermatomes, in addition to possibly elevating the bladder 
neck and supporting the proximal urethra. When learning 
bladder drill for urgency and urge incontinence, patients 
can be taught to sit down (on a rolled-up towel is best) and 
press on/squeeze the clitoris/glans penis and so activate 
the appropriate dermatomes. This reduces urgency, 
inhibits/reduces unwanted bladder contractions, and helps 
the patient to defer voiding, aiming to increase the func- 
tional bladder capacity. The daily use of transcutaneous 
electrical nerve stimulation (TENS) over S2—-4 dermatomes 
has also been shown to have a beneficial effect on reducing 
urgency and urge incontinence. Self-adhesive electrodes 
delivering 2 Hz stimulation placed bilaterally over S3 in 40 
children showed 67.5% response.’ Sacral stimulation at 
10 Hz over S3 in 71 adults with chronic sensory urgency, 
detrusor instability, or detrusor hyperreflexia during 
urodynamics showed a significant improvement in cysto- 
metric volumes with a concomitant reduction in detrusor 
pressure compared with pre-stimulation cystometry.® 
TENS applied over the peroneal or posterior tibial nerve is 
another option for activating sacral afferents. 

Event-driven electrical stimulation of the dorsal 
penile/clitoral nerve has been used in multiple sclerosis? 
and in spinal cord injured patients'® in an experimental 
setting and, in both instances, gave promising results. 
Interestingly, during the decrease of detrusor pressure the 
radial arterial pressure also decreased immediately and 
significantly in patients with cervical cord injury." 

There is abundant evidence to support the use of maxi- 
mal electrical stimulation to activate the detrusor inhibitory 
reflexes from the anal and vaginal regions using electrodes 
specially designed for this purpose. Optimum electrical 
parameters include low-frequency (5-10 Hz) alternating 
rectangular pulses at maximum intensity. This activates the 
sympathetic inhibitory system to the bladder and the cen- 
tral inhibitory pathway to parasympathetic motor neurons, 
which have all been shown to operate at low frequencies." 
In a group of 74 patients with detrusor instability and urge 
incontinence treated with maximal electrical stimulation, 
51 were subjectively cured or significantly improved. 


Objectively, a significant decrease in frequency and signifi- 
cant increase in bladder volume were demonstrated.!? A 
further study by Eriksen et al'* demonstrated initial clinical 
and urodynamic cures in 50% of 48 women suffering from 
idiopathic detrusor instability following seven 20-min 
treatments of maximal stimulation using a vaginal and an 
anal electrode simultaneously. In addition, a significant 
improvement was observed in a further 33%. At 1-year fol- 
low-up, a persisting therapeutic effect was found in 77% 
and no serious side-effects were reported. Also, maximal 
stimulation on the thigh muscles gave such an effect." A 
study on electrical stimulation of sacral dermatomes in 
multiple sclerosis patients with neurogenic detrusor overac- 
tivity could not demonstrate any acute effects during 
urodynamics.!® 

Detrusor hypoactivity may also respond to physiotherapy 
in the form of techniques to facilitate detrusor activity. 
Activation of stretch receptors in the bladder wall can insti- 
gate a detrusor contraction, and so pressing or tapping 
over the bladder may set off a detrusor contraction. 
Likewise, bending forward and straining may help to initi- 
ate detrusor activity. However, suprapubic tapping and 
straining are risky techniques, as described below. Bladder 
emptying may be further enhanced by ensuring relaxation 
of the pelvic floor. 

Furthermore, using maximal electrical stimulation of 
the pelvic floor muscles, Plevnik et al!” treated 6 patients 
with spinal cord lesions from C5 to T4, all demonstrating 
detrusor-sphincter dyssynergia, in whom urinary retention 
developed. After two to four 20-min treatments over 4 
weeks, using vaginal or anal electrodes and monophasic 
square pulses of 1 ms, frequency of 20 Hz and 50-90 mA, 
a reduction in maximal urethral pressure was reported. In 
addition, uninhibited detrusor contractions were reduced 
in 4 patients and reflex voiding by tapping was successful in 
all patients. 

Intravesical transurethral bladder stimulation is used to 
rehabilitate the neurogenic bladder.'® Its therapeutic goals 
are to achieve a sensation of bladder filling, to initiate a 
detrusor contraction, and to achieve conscious urinary 
control. The procedure combines direct stimulation of 
the bladder receptors with visual feedback using patient 
observance of cystometric pressure changes. The effects are 
technique-dependent.” 

Several other techniques of pelvic floor physiotherapy 
can be successfully used in patients with neurogenic blad- 
der: biofeedback and relaxation can have indications in 
patients with partly preserved voluntary and/or sensory 
function. One randomized pilot study compared pelvic 
floor muscle training, electromyographic biofeedback, and 
neuromuscular electrical stimulation for bladder dysfunc- 
tion in patients with multiple sclerosis. It showed that com- 
bination of all these techniques was most successful in the 
reduction of urinary symptoms.” 
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Intravesical biofeedback has been used successfully to 
improve the sensation of bladder fullness and control of 
involuntary contractions.” 

Triggered reflex voiding is much less applied than a 
decade ago, but nevertheless it is still used. Bladder reflex 
triggering comprises various maneuvers performed by the 
patient in order to elicit reflex detrusor contractions by 
exteroceptive stimuli.” The pathophysiologic background 
is unphysiologic in suprasacral lesions for which the 
technique is mostly used: it comprises C-fiber activation, 
bladder contraction involuntary and not sustained, detru- 
sor-striated sphincter dyssynergia or detrusor-bladder 
neck dyssynergia, and autonomic dysreflexia.’? Only in the 
minority of patients will triggering lead to balanced void- 
ing. Complications such as infection,**”> upper urinary 
tract alterations/deterioration, and incontinence are fre- 
quent. If applied, patients should be encouraged to find the 
best individual trigger zone and points: suprapubic tapping, 
thigh scratching, squeezing the glans penis and the scrotal 
skin, pulling on the crines pubis, as well as anal/rectal 
manipulation may be effective.” 

Suprapubic tapping must be stopped in most patients 
when micturition starts, permitting the fast-reacting stri- 
ated sphincter to relax, whereas the slowly reacting detru- 
sor may still remain in contraction. As soon as micturition 
stops, tapping has to be applied again. 

Drugs or surgery may be necessary to decrease outflow 
resistance and to improve reflex incontinence. 
Videourodynamics are strongly advised to find out if the 
urodynamic situation is safe. Triggered voiding is 
contraindicated in cases of: 


inadequate detrusor contraction 

unbalanced voiding 

vesico-uretero-renal reflux 

reflux in the seminal vesicles or in the vas 
uncontrollable AD 

persistence of recurrent urinary tract infections. 


Bladder expression comprises various maneuvers aimed 
at increasing intravesical pressure in order to enable/facili- 
tate bladder emptying. The most commonly used are the 
Valsalva (abdominal straining) and the Credé (manual 
compression of the lower abdomen) maneuvers. Bladder 
expression has been recommended for a long time for 
patients with so-called lower motor neuron lesions, result- 
ing in a combination of an underactive detrusor with an 
underactive sphincter or with an incompetent urethral clo- 
sure mechanism of other origin. Clinical experience has 
shown that by using Valsalva or Credé maneuvers many 
patients are able to empty their bladders, albeit mostly 
incompletely. Urodynamics/videourodynamics have 
demonstrated that, despite high intravesical pressures dur- 
ing straining, the urinary flow may be very poor due to an 


inability to open the bladder neck, or to a mechanical 
obstruction at the level of the striated external sphincter by 
bending and compression of the urethra. Moreover, Clarke 
and Thomas” showed in flaccid male paraplegics that the 
major component of urethral resistance is a constant, 
adrenergically innervated muscular resistance in the 
external sphincter region. 

With increasing time, more than 40% of the patients on 
straining show influx into the prostate and the seminal 
vesicles, and complications due to the high pressures such 
as reflux to the upper urinary tract. Measures to facilitate 
bladder expression can be the use of o-blockers, but they 
usually cause or increase urinary stress incontinence. 

Contraindications are: 


e sphincter hyperreflexia and detrusor-sphincter dys- 
synergia 

vesico-uretero-renal reflux 

reflux into the male adnexa 

hernias 

hemorrhoids 

urethral pathology 

symptomatic urinary tract infections. 


Some patients use the anal sphincter stretch described 
by Low and Donovan” with success. 


Intermittent catheterization 
and intermittent 
self-catheterization 


Intermittent catheterization (IC) and intermittent self- 
catheterization (ISC) have become widely used in the last 
40 years. Many studies show good results and limited com- 
plications, leading to a better prognosis and a better qual- 
ity of life in many patients with neurologic bladder”?! 
(Table 46.1). 

IC and ISC are nowadays considered as the methods 
of choice for the management of neurologic bladder 
dysfunction.” 

Results depend on the techniques used, which involve 
the types of catheters and lubricants, the catheter manipu- 
lation and introduction, and the rules needed for a short- 
term and long-term successful application. 

Many types of catheters are used, made of different 
material. Some are packed in a sheet/bag, others are 
reusable.” Some have a urethral introducer that permits 
bypassing the colonized 1.5 cm of the distal urethra and 
which resulted in a significant lower infection rate in hos- 
pitalized men with spinal cord injury.” Studies comparing 
materials in a randomized controlled way are scarce. 
Lundgren et al** found, in the rabbit, that a high osmolality 
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Outcome of continence study 


Adjunctive treatment 


Overdistention during 
shock phase 


Surgery 27% 


Bladder relaxant drugs 
intravesically 


6 anticholinergics 


6 anticholinergic, 


Result of continence 


100% continent 


Continence improved with 
elimination of residual urine 


Continence did not change 


24/26 better 


50% dry; other 50% some 
grade of incontinence 


Continent 73% 


84% dry, 3 dampness at 
awakening 


22 dry, 8 incontinent 
73% continent + 13% 


Authors Number of patients Follow-up 
Iwatsubo et al!# 60 spinal 
cord lesions 
Kornhuber and 197 multiple 
Schultze sclerosis 
Kuhn et al!*6 22 spinal cord lesions 5 years 
Lindehall et al!“ 26 meningomyeloceles 7.5-12 years 
Madersbacher and aie 2—4 years 
Weissteiner!! 
McGuire and DD it 2-11 years 
Savastano!™* 
Vaidyanathan 7 spinal cord lesions 14-30 months 
et al!” 
Waller etal! 30 spinal cord lesions 5-9 years 
Wyndaele et al!” 30 (18 m, 12 f) 3-30 months 
Wyndaele and 75 (69 neurogenic) 1.5-12 years 
Maes” 


1 colocystoplasty improvement 


38 anticholinergics 47 dry, 22 seldom wet, 6 wet at 


least once a day 


f, female; m, male. 


is important in hydrophilic catheters with regard to remov- 
ing friction and urethral trauma. Waller et al’ had the 
same experience in men. Wyndaele et al’ evaluated the use 
of a hydrophilic catheter in 39 male patients with neuro- 
genic bladder using conventional catheters over a long 
period. The hydrophilic catheter proved as easy to use but 
was better tolerated. Satisfaction was better, especially in 
patients who experienced problems with conventional 
catheters. Some patients were unsatisfied for reasons of 
practical use or for economical reasons. Two studies were 
published about the use of the SpeediCath set. In a com- 
parison of 29 men, Actreen showed better results with the 
Speedicath Catheterization set.*” A prospective random- 
ized parallel comparative trial showed a beneficial effect on 
urinary tract infection when Speedicath was compared 
with uncoated polyvinyl chloride catheters in 123 male 
traumatic spinal cord injured patients.’ Vapnek et al’? 
made a prospective randomized trial of the LoFric 
hydrophilic coated catheter versus a conventional plastic 
catheter in 62 male patients with neurogenic bladder. They 
found the use of LoFric resulted in less hematuria and a 
significant decrease in the incidence of urinary tract infec- 
tion. They propose its use especially in patients with a his- 
tory of difficult catheterization, urethral trauma, or a high 
rate of urinary tract infection. The reuse of a silicone 
catheter for an average period of 4.8 years was studied in 
Chiangmai, Thailand, and proved suitable and safe if 
cleaned and applied properly.“ A Cochrane review has 
dealt with catheter policies for management of long-term 


voiding problems in adults with neurogenic bladder dis- 
orders. Despite a comprehensive search, no evidence from 
randomized or quasi-randomized controlled trials was 
found. The Cochrane review concludes that it was not pos- 
sible to draw any conclusions regarding the use of different 
types of catheter.*! 

Most catheters require the use of some kind of lubricant, 
especially in men. Lubricants are applied on the catheter or 
are instilled into the urethra.” In some countries patients 
use oil or merely water as a lubricant. For patients with pre- 
served urethral sensation, a local anesthetic jelly may be 
needed. Catheters with a hydrophilic and self-lubricated 
surface need activation with tap water or sterile water. 

For adults, size 10-14 F for males and size 14—16 F for 
females are mostly used, but a bigger size/lumen may be 
necessary for those with bladder augmentation or cloudy 
urine that results from another origin. No studies on IC 
compared sizes in a randomized way. 

Two main techniques have been adopted: a sterile (SIC) 
and a clean IC (CIC). The sterile non-touch technique 
advocated by Guttmann and Frankel implicates the use of 
sterile materials handled with sterile gloves and forceps. In 
an intensive care unit, some advocate wearing a mask and 
a sterile gown as well. In some centers, during a bladder 
training program SIC used to be performed only by a 
catheter team, which has proven to obtain a very low infec- 
tion rate.’ Nowadays, the sterile technique is mostly used 
only during a restricted period of time and in a hospital 
setting. In the majority of cases a clean technique is used. 
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Self-catheterization is done in many different positions: 
supine, sitting, or standing. Female patients may use a 
mirror or a specially designed catheter to visualize the 
meatus. After a while, most women do not need these aids 
anymore. 

The basic principles of urinary catheter introduction are 
well known: the catheter must be introduced in a nonin- 
fecting and atraumatic way. Noninfecting means cleaning 
hands, using a noninfected catheter and lubricant, and 
cleaning the meatal region before catheter introduction. 
Atraumatic requires a proper catheter size, sufficient lubri- 
fication, and gentle introduction through the urethra, 
sphincter area, and bladder neck.“*** The catheter has to be 
introduced until urine flows out. Urine can be drained 
directly in the toilet, in a urinal, plastic bag, or other reser- 
voir. The catheter should be kept in place until urine flow 
stops. Then it should be pulled out slowly, while gentle 
Valsalva or bladder expression is done in order to com- 
pletely empty residual urine. When properly done, the 
residual urine should be maximum 6 ml.*° However, 
Jensen et al measured residual urine repeatedly with ultra- 
sonography and found residual urine in 70% of the 
catheterizations in their group of 12 patients with spinal 
cord lesions. The residual urine could exceed 50 ml and 
even 100 ml.” 

Finally, the end of the catheter should be blocked to 
prevent backflow of the urine or air into the bladder. 
Hydrophilic catheters can be left in place for a short time 
only to prevent suction by the urethral mucosa, which may 
make removal difficult. 

During the rehabilitation phase, clean intermittent self- 
catheterization (CISC) can be taught very early to patients 
with good hand function.*® 

When resources are limited, catheters are reused for 
weeks and months: some are resterilized or cleaned by 
soaking in an antiseptic solution or boiling water. 
Microwaving to resterilize rubber catheters has also been 
described. Reused supplies do not seem to be related to an 
increased likelihood of urinary tract infection.*° 

The frequency of catheterization needed can depend on 
many factors, such as bladder volume, fluid intake, 
postvoid residual, and urodynamic parameters (bladder 
compliance, detrusor pressure). Usually it is recommended 
to catheterize 4—6 times a day during the acute phase after 
spinal cord lesion. Some patients will need to keep this fre- 
quency if IC is the only way of bladder emptying. Other 
patients will catheterize 1-3 times a day to check and evac- 
uate residual urine after voiding or on a weekly basis dur- 
ing bladder retraining.*! Use of a portable ultrasound 
device in IC has been evaluated.>”** 

Adjunctive therapy to overcome high detrusor pressure 
is often needed. Anticholinergic drugs or bladder relaxants 
are often indicated in patients with bladder overactivity. 
For patients who develop a low-compliance bladder, upper 
tract deterioration, or severe incontinence, injection of 


botulinum toxin in the bladder wall or surgery as bladder 
augmentation may be necessary.°**> Where too high a 
diuresis is noted during the night due to diurnal variation 
of antidiuretic hormone, DDAVP (desmopressin) can be 
safely and effectively used.°*°’ Nocturnal bladder emptying 
has been shown to be useful and even necessary to over- 
come the dangerous bladder function during sleeping 
hours.*8°? 

In cases of catheterization difficulty at the striated 
sphincter, botulinum toxin injection in the sphincter can 
help.® In individuals with tetraplegia, reconstructive hand 
surgery can be indicated.°! For those with poor hand func- 
tion or difficulty in reaching the meatus, assistive devices 
might be needed.®*? 

Education is very important. Teaching programs have 
been successful in nonliterate persons in developing 
countries and in quadriplegic patients.“ 

It is clear that IC can improve incontinence or make 
patients with neurogenic bladder continent. To achieve 
this, bladder capacity should be sufficient, bladder pressure 
kept low, urethral resistance kept high enough, and care 
taken to maintain a balance between fluid intake, residual 
urine, and frequency of catheterization. 

Not all patients starting with IC continue this treatment 
and there are several reasons for this (Table 46.2). A main 
reason to stop is continuing incontinence. Main reasons to 
continue are continence and autonomy of the patients. 
Bakke and Malt found that, among those who practiced IC 
independently, 25.8% were sometimes and 6% were 
always averse, especially young patients and females. 
Aversion seemed to be related above all to nonacceptance 
of their chronic disability.“ A retrospective analysis in 
spinal cord injury patients showed that, of patients on CIC 
at discharge, 52% discontinued the method and reverted 
to an indwelling catheter because of dependence on care- 
givers, spasticity interfering with catheterization, inconti- 
nence despite anticholinergic agents, and lack of 
availability of external collective devices for female 
patients. 

Social and psychologic impact have been studied in chil- 
dren, adolescents, and their families. From a total sample of 
66, no significant difference was observed in self-esteem 
for those successfully catheterizing. Specific challenges 
involved learning SC and the practical use of the technique. 
Concerns were leakage and being wet, and peers finding 
out about their continence management.” Results showed 
that CIC by carer or self-catheterization itself did not cause 
major emotional and behavioral problems, but the bladder 
problem may act as a focus that puts considerable strain on 
family relationships. Although most parents disliked CIC 
they complied with the suggested management.” 

An open comparative study compared the impact 
of volume-dependent and time-dependent intermittent 
catheterization on financial burden and clinical 
outcomes. The results, in a small sample size, showed that 
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Reasons for stopping intermittent self-catheterization 


Authors Catheter-free Incontinence Inconvenience Infection Physical status Choice of patient 
Bakke!*® 10% 5% 4% 3% 

Diokno et al'*° 17% 2% 2% 7% 

Hunt et al!” 10% 

Maynard and Glass! 12% 6% 
Sutton et al!” 6% 6% 3% 3% 3% 
Timoney and Shaw” 36% 

Whitelaw et al? 5% 5% 5% 5% 

Webb et al!” 9% 3% 2% 2% 


volume-dependent IC had economic and probably also 
clinical advantages.”! 

The introduction of a catheter several times a day can 
give rise to complications. One of the most frequent 
complications is infection of the urinary tract (UTI). 
Prevalence of UTI varies widely in the literature. This is 
due to the various methods used for evaluation, the differ- 
ent techniques of IC, different frequencies of urine analy- 
sis, different criteria for infection, the administration or 
not of prophylaxis to the group of patients studied, and 
much more. Some publications give the percentage of ster- 
ile urine at between 12 and 88%.”*-”” Eleven percent preva- 
lence for asymptomatic UTI and 53% for symptomatic 
bacteriuria are given in different series.”*”? Bakke and 
Vollset found that in 407 patients, 252 with neurogenic 
bladder, during an observation period of 1 year, 24.5% of 
patients had nonclinical UTI, 58.6% had minor symptoms, 
14.3% had more comprehensive or frequent symptoms, 
while 2.6% claimed major symptoms.*° 

In the acute stage of spinal cord injury (SCI), with 
proper management, urine can be kept sterile for 15—20 
days without antibiotic prophylaxis and for 16-55 days if 
prophylaxis is given.’>*? Prieto-Fingerhut et al® deter- 
mined the effect of sterile and nonsterile IC on the inci- 
dence of UTI in 29 patients after SCI in a randomized 
controlled trial. With urine analysis on a weekly basis 
they found a 28.6% UTI incidence in the group on ster- 
ile IC, whereas a 42.4% incidence was found in the non- 
sterile catheterization group. The cost of antibiotics for 
the sterile IC group was only 43% of the cost for those on 
nonsterile IC. However, the cost of the sterile IC kits was 
371% of the cost of the kits used by the nonsterile IC 
group, bringing the total cost of the sterile program to 
277% of the other program. Rhame and Perkash** found 
that in 70 SCI patients in the initial rehabilitation hospi- 
talization treated with sterile catheterization and a 
neomycin-polymyxin irrigant, 54% of patients devel- 
oped an infection, at an overall rate of 10.3 infections per 


1000 patient-days on IC. Bakke and Volset®® found that 
factors that may predict the occurrence of clinical UTI in 
patients using clean IC were low age and high mean 
catheterization volume in women, low age, neurogenic 
bladder dysfunction, and nonself-catheterization in 
men, in addition to urine leakage in patients with neuro- 
genic dysfunction and the presence of bacteriuria. If 
antibacterial prophylaxis was used, fewer episodes of 
bacteriuria were noticed, but significantly more clinical 
UTIs were seen. Shekelle et al reviewed the risk factors 
for UTI in adults with spinal cord dysfunction®* and 
found increased bladder residual volume to be a risk 
factor. Patients on IC had fewer infections than those 
with indwelling catheters. 

In order to diagnose UTI, it should be recommended 
that the urine be obtained by catheterization. The fre- 
quency of examining urine samples differs greatly between 
studies: daily use of a dipslide technique during the acute 
phase after SCI, once a week during the subacute phase, 
and monthly or a few times a year in long-term care.8”-* 

If a urine culture reveals more than 10* colony-forming 
units (cfu)/ml, this indicates significant bacteriuria. 
Pyuria alone is not considered reliable in patients with 
neurogenic bladder.*”?! The bacteria found are mostly 
Escherichia coli, Proteus, Citrobacter, Pseudomonas, 
Klebsiella, Staphylococcus aureus, and Streptococcus faecalis 
in short-term cases, while the same bacteria plus 
Acinetobacter are found in the long-term IC patients.’»” 
E. coli is considered the dominant species.” The detection 
of E. coli on the periurethra corresponds, at a much higher 
percentage, with bacteriuria than if other bacteria are 
found.” E. coli isolates from patients who develop symp- 
tomatic UTI may be distinguished from bacteria recovered 
from patients who remain asymptomatic and possibly 
from normal fecal E. coli.” 

Urinary sepsis is fortunately rare.”®”” Previous treatment 
with an indwelling catheter represents a special risk to 
develop sepsis.°* In his thesis, Wyndaele* found the period 
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of 24 hours to 3 days after changing from indwelling to IC 
drainage when UTI was present to be dangerous for the 
development of sepsis. 

Wyndaele and Maes” found several relationships 
between IC and UTI. If catheterization is begun by patients 
with recurrent or chronic UTI and urinary retention, the 
incidence of infection decreases and patients may become 
totally free of infection. If symptomatic infections occur, 
improper practice of IC or misuse can often be found. 
Chronic infection persists after IC has been started, if the 
cause of the chronicity remains. 

To prevent UTI, a noninfecting technique is needed. But 
also some additional factors can play a role in infection 
prevention. Nursing education is important and educa- 
tional intervention by a clinic nurse is a simple, cost- 
effective means of decreasing the risk of UTIs in individu- 
als with SCI on IC who are identified as at risk.'°° 
Anderson® found a fivefold incidence when IC was per- 
formed 3 times a day compared with 6 times a day. Also, 
prevention of bladder overdistention is important.’ 
Crossinfection is less if IC during hospitalization is per- 
formed by a catheter team or by the patients themselves. As 
residual urine plays a role in infection, attention must be 
made to empty the bladder completely. 

Treatment of UTI is necessary if the infection is sympto- 
matic. Waites et al!°! treated men with SCI on IC and saw 
susceptible organisms disappear from urine in all and sig- 
nificantly reduced in the perineum and urethra. However, 
they were replaced shortly after by resistant Gram-positive 
cocci. This shows the importance of reserving antibiotics 
for symptomatic patients only and of taking into account 
the data from the antibiogram. The value of nontreatment 
for chronic nonsymptomatic bacteriuria throughout a 
hospitalization has been demonstrated." 

With antibacterial prophylaxis, several studies have 
shown a lowered infection rate.!°*'° Cranberry juice has 
been evaluated, but the results are unclear.'® Several stud- 
ies have considered the risk of developing dangerous resis- 
tance against antibiotics when prophylaxis is given either 
orally or by instillation.'!*"'!? Galloway et al!" state that the 
threat of emergence of resistant organisms, the risk to 
patients of side-effects of the antibiotics, the expense, and 
the risk to other patients from crossinfection with resistant 
organisms are strong arguments against prophylactic 
antibacterials. Therefore, it would seem logical to use 
antibacterial prophylaxis only for a short time, such as dur- 
ing the initial stage of IC. It does seem to be less indicated 
for long-term use, although it can help specific patients to 
lower the rate of symptomatic infections for which no 
well-defined cause is found. 

Urethritis and epididymo-orchitis have been reported 
in several case series (Table 46.3). With a long-term 
indwelling catheter, a larger prevalence is seen. Genital 
infections can lower fertility in SCI patients.''* If IC is used 


to empty the neurogenic bladder, better sperm quality and 
better pregnancy rates have been found than with 
indwelling catheterization.'!>'!° 

Prostatitis can be a cause of recurrent UTI: either 
acute or chronic, it is difficult to diagnose in patients 
with neurogenic bladder, and special tests have been 
developed for this.'!”'!§ The overall incidence was previ- 
ously thought to be around 5-18%, but 33% may be a 
more realistic figure.'!? 

Urethral bleeding is frequently seen in new patients and 
occurs regularly in one-third on a long-term basis.!*° 
Trauma of the urethra, especially in men, can cause false 
passages and meatal stenosis, but the incidence is rare (see 
Table 46.3). The incidence of urethral strictures increases 
with a longer follow-up, with most events occurring after 5 
years of IC.” Former treatment with an indwelling catheter 
causes more complications. Urethral changes were also 
documented in SCI men on IC for an average of 5 years, 
using one single reusable silicone catheter for an average of 
3 years.'*! IC technique and catheter type are claimed to 
be important factors.'*'?? Urethral trauma with false 
passages in neurogenic patients on CIC can be treated 
successfully with 5 days of antibiotics and 6 weeks of 
indwelling catheter. The false passage will also disappear on 
cystoscopy and IC can be safely restarted.'4 

Other complications such as hydronephrosis, vesico- 
ureteral reflux, and bladder cancer seem to relate rather 
to infection, bladder trabeculation, detrusor pressure, or 
neuropathy than to IC itself.” 

Bladder calculi caused by the introduction of pubic 
hair,'?°!?7 loss of the catheter in the bladder,'”* bladder per- 
foration, and bladder necrosis!” have been case reports on 
rare complications of IC. In a retrospective study in 140 
male patients with SCI, epididymo-orchitis occurred in 
27.9% over a period of 17 years. Clean intermittent 
catheterization was an independent risk factor and urethral 
stricture a contributing factor.!?? A positive case report 
introduces the history of a patient with SCI performing 
intermittent self-catheterization with 27 years’ complica- 
tion-free follow-up."*! 

A higher incidence of depression has been shown in 
patients with neurogenic bladder after SCI than in the nor- 
mal population. Depression is closely related to gender 
(female patients had a 3.8-fold higher risk) and the ability 
to perform self-catheterization (if impossible, the patients 
had a 4.6-fold higher risk).'*” 

And what if IC or ISC is not possible? There can be sev- 
eral reasons for this: bad hand function and no relative to 
perform the catheterization, unwillingness of the patient, 
cost, lack of knowledge from carers, persistent inconti- 
nence, general bad condition, or difficulty to reach the 
meatus. In many cases these problems may be overcome 
with proper treatment. However, in some cases an 
indwelling catheter will be used. 
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Literature data on genitourinary complications in patients on intermittent catheterization 


Total no. of Meatal Urethral 
Author patients Urethritis stricture Epididymitis stricture 
Bakke!** 407 (206 m) 1% 1% 
Hellstrom et al!® 41 (26 m) 3 
Kuhn et al!*° 22 (11 m) 1 il 
Labat et al!® 68 (48 m) 9m 3 
Lapides et al!** 100 (34 m) 2m = = = 
Lapides et al!” 218 (90 m) 2m = 2 
Maynard and 28 (m?) 4 (1 with infected 
Diokno!“ penile prosthesis) 
Maynard and Glass!°! 34 (m?) 3 2 
Orikasa et al! 26 (13 m) 1 
Perkash and Giroux!® 50m 5 
Perrouin-Verbe et al® 159 (113 m) 10% short term, 5.3% 
28% long term 
Thirumavalan and 12% 
Ransley!™ 
Waller et al!4® 30 SCI (26 m) 2 4 
Webb et al!” 2% 
Wyndaele et al!” 30 (18 m) 2m 2 
Wyndaele and Maes?’ 75 (33 m) 3 6 7 


m, male, SCI, spinal cord injury. 


Transu rethral and su prapubic In the case of symptomatic infection, treatment is 

necessary. 

catheters e There is no general agreement on clamping of the 
catheter. In cases of severe incontinence unsuccessfully 
treated with drugs, a continuous outflow is not the only 
conservative possibility. 

e Complications are frequent. The transurethral catheter 
can cause acute septic episodes, urethral trauma and 
bleeding, false passages, strictures, diverticuli and fistuli 
of the urethra, bladder stones, squamous cell bladder 
carcinoma, epididymo-orchitis, and prostatitis. With 


Transurethral and suprapubic catheters have been used for 
a long time. The dangers of the techniques have been well 
documented and the complications are well known. If they 
are used, it is very important to stick to good rules of 
management: 


Catheter size 12-14. 


Place the catheter properly with the balloon in the 
bladder. It is important to be especially careful in 
the presence of a spastic sphincter. 

Control the outflow regularly to avoid overdistention. 
Change the catheter regularly several times a week in an 
acute situation, every 10 days if possible, and every 4—6 
weeks in a chronic patient who has few complications. 
Anticholinergic drugs may be important in patients 
with bladder neurogenic overactivity. 

Antibacterial drugs should not be used to prevent or to 
treat an asymptomatic infection of the urine. With an 
indwelling catheter, the prevalence of infection is 100% 
if the catheter is used for more than a couple of weeks. 


application of good treatment rules, many of these 
conditions can be largely avoided. 

e The presence of an indwelling catheter should be 
known to all who take care of the patient: occupational 
therapist (OT), physiotherapist (PT), and of course the 
nursing staff. 


Recent studies have also shown a very much higher com- 
plication rate in patients on indwelling catheter than in 
those on intermittent catheterization. Pyelonephritis, epi- 
didymo-orchitis and urosepsis were significantly more 
prevalent in the group with an indwelling catheter.’ In 
addition, stone formation was higher in SCI patients 
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independent of age, sex, and level of injury. There was 
no difference between suprapubic and transurethral 
indwelling catheters.'** Another study found a higher risk 
in urethral indwelling than in suprapubic catheter.'* 

Insertion of a suprapubic catheter is not without 
risk. Intraoperative complications of 10% and 30-day 
complication of 19% have been described. A mortality 
rate of 1.8% was found in 219 patients with this 
treatment.!*° 

An interesting study evaluated the long-term safety of 
the contemporary balloon catheter retrospectively. The 
contemporary balloon catheter consists of a reusable 
catheter self-inserted by the patient every night before 
sleeping and then removed in the next morning. The inci- 
dence of febrile episodes was 0.57 times/100 months, the 
second lowest when different treatment options were com- 
pared. The use in the long term does seem to be safe.!°” 

Screening for bladder malignancy in patients with 
neuropathic bladder and a chronic indwelling catheter by 
cystoscopy and biopsy is commonly performed. In a retro- 
spective analysis of screening biopsies in 36 patients with 
neuropathic bladder and a chronic indwelling catheter, 
who had undergone yearly screening from 5 years after 
catheter insertion, no tumors were ever identified. 
However, histologic findings were frequently abnormal, of 
which the most common were active chronic cystitis and 
squamous metaplasia. This study reinforces the increasing 
body of evidence suggesting that screening cystoscopy and 
biopsy in this group of patients is not valid.'** 


Appliances (condom 
catheters, penile clamps) 


Their use aims at collecting leaking urine into a device, 
thus preventing urinary spilling and giving better hygienic 
control, better control of unpleasant odor, and a better 
quality of life. A condom catheter is indicated in all male 
patients with urinary incontinence provided that there is 
no skin/penile lesion, and intravesical pressures during 
storage and voiding phase are urodynamically proven to 
be safe. 

No absolute contraindications for such appliances seem 
to exist. 

Condom catheters are not invasive and permit us to 
avoid most of the complications related to indwelling 
catheters. Old versions were reusable external collecting 
devices that fitted rather loosely around the penis. They are 
still preferred by a few paralysed patients who have been 
accustomed to them for a long time, especially those with a 
retractile penis. 

The actual types are thin conical-shaped sheaths made 
of different sorts of material. They fit over the shaft of the 
penis, fixed with some type of glue or occlusive strip. The 


tips are open and connected with the tube of a urinary col- 
lecting device. In recent years special condoms and special 
devices allowing urethral catheterization without remov- 
ing the condom have been manufactured. 

While the advantages of condom catheters over 
indwelling catheters and incontinence pads are evident, 
they are not without problems and complications, some- 
times severe: 


e Fixation to the skin can be difficult with a smaller 
and/or retractile penis and/or abundant pubic fat. The 
problem can be partly overcome by using the proper 
size and proper fixation glue/strip. A penile prosthesis 
can be a solution in the case of a retractile small penis. 

e Obstruction of urine flow is a rather common problem, 
due to twisting or kinking of the tip of the condom or the 
collecting tube. To prevent this, most of the currently 
available condom catheters are reinforced at the tip. 

e Lesions of the penis can be secondary to mechanical 
damage to the skin from an excessively tight condom 
worn for a prolonged time. One way of prevention is to 
discontinue the use of the condom during part of the 
day or night. Another source of skin lesion is allergy to 
the material of the condom, usually to latex. Such an 
allergy is not uncommon, i.e. in myelomeningocele 
patients. The use of a latex-free condom is the solution. 

e Urinary tract infection. 


Newman and Price!*? found bacteriuria in more than 
50% of patients using a condom catheter. One of the few 
factors correlated with increased risk for UTI was less than 
daily change of the condom. 

Penile clamps are not recommended for patients with 
neuropathic voiding dysfunction, because of the danger of 
skin and urethral lesions.” 


Underlying disease 


Underlying disease and life expectancy should be consid- 
ered for the selection of bladder management in patients 
with neoplastic spinal cord compression. In patients with 
curatively treated disease, a full bladder rehabilitation pro- 
gram is recommended, while in patients with malignant 
disease and palliative care, a suprapubic catheter might be 
the treatment of choice.” 
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Introduction 


The management of neurogenic bladder dysfunction con- 
tinues to be controversial to this day. With the introduction 
of clean intermittent catheterization (CIC) in the 1970s,! 
and widespread usage of anticholinergic medication, we 
have witnessed an important decline in both lower and 
upper urinary tract deterioration. CIC has revolutionized 
the management of neuropathic lower urinary tract dys- 
function, it is now considered the gold-standard approach. 
However, this strategy of bladder management can present 
a significant difficulty to patients who are either unable to 
perform the maneuver themselves or who lack the support 
network necessary for others to aid with this technique. 
This is particularly relevant to patients with poor upper 
extremity dexterity, as well as the presence of detrusor 
bladder sphincter dysinergia.” In addition, patients with 
extensive urethral damage or with progression of their dis- 
ease rendering other strategies impractical are additionally 
appropriate candidates for alternate management options. 

Although well-defined surgical and medical manage- 
ment options for neurologic-related bladder dysfunction 
aside from CIC are available,’ debate continues to linger 
regarding the optimal manner in which to prevent lower 
and upper urinary tract deterioration while minimizing 
treatment-related morbidity. The following discussion will 
highlight the evidence supporting and negating the use of 
suprapubic catheterization (SPC) for long-term manage- 
ment of the neuropathic. Other modalities are beyond the 
scope of this discussion. 


Suprapubic cystostomy: 
technique and clinical 
implications 


The technical aspects of SPC placement have been widely 
described using a variety of methods.*° The open suprapubic 


cystostomy under general and spinal anesthesia remains 
the definitive gold-standard approach; however, several 
cost-effective minimally invasive alternatives have been 
described. Percutaneous puncture of the bladder, initially 
utilizing a 22 G fine spinal needle, followed by skin inci- 
sion, suprapubic trocar, and 16 F silastic catheter, has been 
widely successful in the appropriately selected patient.® 
Further modifications of this technique have included the 
use of peel-away introducers,’® as well as tract balloon 
dilatation.’ Further use of fluoroscopy and ultrasound!’ to 
ensure optimal catheter placement, and the absence of 
intervening gastrointestinal structures, has been advocated 
by several authors.!!” Alagiri and Seidmon described a 
percutaneous endoscopic approach with the use of a flexi- 
ble cystoscope, especially effective in obese patients.!? 
Contraindications to this procedure include uncorrected 
coagulopathy and previous lower abdominal or pelvic 
surgery. Complications associated with closed SPC are 
reportedly low (1.6%), as demonstrated by the classical 
series of Flock et al in 1978.4 Bowel injury,'>-'® significant 
bleeding,!’ and prostatic, vaginal, or rectal injury from 
caudal trocar placement have been described.!8 In 
sum, careful patient selection and utilization of either 
fluoroscopy or ultrasound, with or without endoscopic 
guidance, can serve as an effective alternative to open 
cystostomy. The open approach should be considered in 
complicated cases, based on the surgeon’s risk assessment. 


Suprapubic cystostomy: the 
evidence 


Although CIC is the most frequent bladder management 
strategy after spinal injury,” several important limitations 
are well known, and, importantly, several studies have 
demonstrated poor overall compliance with CIC.?° 
Although SPC is not considered to be the ideal means for 
micturitional management, and has been overshadowed by 
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CIC as a first-line management strategy, this modality has 
been used extensively and successfully in several clinical set- 
tings, including as a treatment for continued urinary incon- 
tinence in females.”! SPC has likewise been used with success 
in the early treatment of spinal cord lesions.” Despite the 
purported benefits and convenience of SPC, early studies 
demonstrating accelerated renal deterioration” relegated 
it to a second-line management option. Long-term compli- 
cations associated with indwelling urinary catheters are well 
reported elsewhere,”’ with studies demonstrating propor- 
tionately more renal and other urologic complications with 
long-term (>10 years) than short-term (removed just after 
injury) use. An important study by Hackler?® (n = 31) also 
claimed that patients managed with SPC alone were at 
increased risk for bladder spasticity and bladder contracture, 
and thus were more likely to develop upper urinary tract 
deterioration. This study compared long-term Foley 
catheterization (>20 years) with SPC (8 years) and external 
appliance (Texas catheter) (>20 years). Results demonstrated 
a statistically significant increase in caliectesis, and a decrease 
in renal function in the SPC group compared to others. 
Although the incidence of hydronephrosis was higher in the 
Foley catheterization group, the incidence of de-novo reflux 
was higher in the SPC group, mainly grade I. Interestingly, 
only 6 patients were managed with long-term anticholiner- 
gic medication, and, of the 6 patients, 4 did not demonstrate 
deteriorating renal function. In the current climate of stan- 
dard, effective, anticholinergic pharmacotherapy, it is diffi- 
cult to determine the modern-day applicability of these 
results. Sheriff et al?? recommended catheter clamping and 
anticholinergics for this purpose. McGuire and colleagues’? 
reported a poorer outcome in women with an indwelling 
urethral catheter (both transurethral and SPC) than in those 
on CIC after 2 to 12 years. They demonstrated a 54% rate of 
change in pyelography in the indwelling group as opposed to 
none in the CIC group. 


Risk of primary bladder 
neoplasia 


An important concern with indwelling catheterization, 
whether transurethral or suprapubic, is the long-term risk 
of squamous cell bladder neoplasia (SCC). The reported 
incidence of SCC associated with chronic indwelling uri- 
nary catheters is 2.3-10%.*!*? Although precise long-term 
consequences of SPC have yet to be completely elucidated, 
there appears to be an 8% risk of SCC after 25 years of 
catheterization.** The pathogenesis of this condition has 
been described as being secondary to chronic urothelial 
irritation and inflammation leading to metaplasia and 
neoplasia. Inherent in bladder management strategies con- 
sisting of indwelling catheters is the necessity for life-long 
surveillance cystoscopy and upper tract imaging. 


Recent analysis and 
publications 


Despite earlier evidence indicating a poor success rate with 
SPC, recent studies highlighting SPC as the primary 
modality have demonstrated otherwise. Talbot et al*4 were 
the first to report a relatively benign course for spinal cord 
injured patients managed with indwelling catheters (SPC 
and urethral). Barnes et al’ described 40 SPC-managed 
neurogenic bladders with 66-month follow-up data. Poor 
compliance with CIC, poor dexterity, as well as desire to be 
independent of care attendants were the most common 
indications for SPC placement. Results demonstrated that 
catheter-related complications were relatively common, 
with a 38% rate of catheter blockage, recurrent urinary 
tract infections at 23%, and a 13% catheter misplacement 
rate. Nevertheless, the authors point to a high patient satis- 
faction as a strong point in their analysis. Continued 
urethral leakage, particularly in those with lower spinal 
lesions, was the factor most associated with poor overall 
satisfaction. Additionally, in a subgroup of patients man- 
aged by SP catheters for longer than 24 months, no deteri- 
oration of renal function was identified aside from two 
patients who were not adequately medicated with anti- 
cholinergic therapy, and who did not adhere to their regi- 
men of intermittent catheter clamping. Furthermore, the 
authors demonstrated that daily clamping of the catheter 
to preserve bladder function led to maintenance of capac- 
ity, the absence of new reflux, as well as a trend to lower 
overall mean detrusor pressure. 

Further evidence by Nomura et al°® surfaced when they 
looked at 118 patients with neurogenic bladders managed 
by an SPC. The indications for SPC in this patient popula- 
tion were similar to other series: failure of CIC in 53%, 
severe urethral damage in 35%, worsening of the original 
disease in 13%, as well as various other individual indica- 
tions. Their results demonstrated frequent bladder compli- 
cations, with a 25% rate of bladder calculus and 10% 
persistent urethral leak. By using the Kaplan—Meir tech- 
nique, the estimated stone-free rates at 5 and 10 years were 
77% and 64% respectively. A modest rate of cystitis was 
observed, with no flare-ups documented secondary to the 
SPC procedure. Deterioration of renal function was 
observed in 5/118 patients, although the authors state that 
the upper tract stone burden for these 5 particular patients 
was significant, and was likely the primary factor responsi- 
ble for their decline in renal function. Further subgroup 
analysis involved urine pH analysis in the patients who 
formed bladder calculus, denoting a statistically higher uri- 
nary pH value in stone formers compared to stone-free 
patients. Furthermore, the average urinary pH of the 118 
patients was 7.24, and dividing cases into those with lower 
and higher values than 7.24 revealed predicted stone-free 
rates of 92% (>7.24) and 71% (<7.24). The authors also 
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Figure 47.1 
Suprapubic cystostomy. 


mention high rates of Pseudomonas and Staphylococcus 
colonization of the epidermis. 

Several studies have retrospectively compared SPC to 
CIC. In a study by Mitsui et al,” which involved 61 
patients, half were managed with CIC and the other half by 
SPC. There were no significant differences in renal deterio- 
ration between the two groups, noted by hydronephrosis, 
reflux, or overall renal failure. Aside from a statistically sig- 
nificant difference in the incidence of bladder stone forma- 
tion (65% vs 30%), favoring the SPC group, there were no 
other significant differences in lower urinary tract compli- 
cations. The satisfaction questionnaire utilized in this 
study, although nonvalidated, revealed no statistical differ- 
ences in satisfaction with either modality. Chao et al pub- 
lished a similar comparison,** in which they looked at 
different bladder management strategies. This study 
involved 73 patients with spinal injuries, 42 of whom were 
managed without indwelling catheterization, and 32 with 
transurethral catheters and SPC. There were no recorded 
statistically significant differences in renal function or renal 
complications between these groups. The exception was a 
higher incidence of calectesis and scarring in the SPC 
group, demonstrated by follow-up pyelography. The 
authors also state that of the 6 patients who developed 
bladder cancer during the follow-up period (3 in the SPC 
group and three in the CIC group). Only 1/3 patients in the 
SPC group with bladder cancer had squamous cell carci- 
noma. Based on the comparable side-effect profile as well 
as impressive patient satisfaction, these authors recom- 
mended SPC in patients who have failed other modalities, 
but advocated routine cystoscopy and upper tract imaging. 
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Figure 47.2 
Suprapubic cystostomy in female patient. 


Mitsui et al,” who also reported no incidence of SCC of 
the bladder despite a 21-year follow-up in several patients, 
also advocated frequent catheter changes and bladder 
irrigation as part of a routine follow-up strategy. 

Dewire and colleagues?” challenged the dogma of avoided 
indwelling bladder drainage when they reported on a series 
of 57 spinal trauma patients who were managed with or 
without indwelling catheter, all with 10-year follow-up. Of 
the 57 patients, only 5 were managed with an SPC, and 27 
with a transurethral catheter, the rest were managed via CIC 
or other methods. Although little differentiation was made 
between the SPC and urethral catheter groups, there were no 
statistical differences between groups for both lower urinary 
tract complications or the rate of renal deterioration via the 
Kaplan—Meir technique. Despite the retrospective nature of 
this study and the absence of specific protocols dictating the 
management specifics of indwelling catheters, the strong fol- 
low-up statistics support further investigation and follow-up 
for patients managed with indwelling catheters. A classical 
review by Linden et al“ clearly supports the role for estab- 
lished multidisciplinary catheter teams for spinal cord 
trauma patients, as their report clearly demonstrates the 
improved outcome and lower complication profile when 
regular bladder care is practiced. 

In 1995, McDiarmid and colleagues*! retrospectively 
reviewed their long-term SPC data in 44 patients with a 
150-month follow-up (12.5 years). The authors advocated 
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a vigorous bladder hygiene program involving both com- 
munity nursing and bimonthly SPC changes with bladder 
washing consisting of dilute chlorohexidine. The patients 
investigated were quadriplegics who could not perform 
CIC. The results demonstrated no evidence of renal deteri- 
oration or de-novo reflux. Only 17 of 44 patients in this 
series received anticholinergic therapy, and, unfortunately, 
bladder pressures were not routinely measured. The most 
common complication reported was uncomplicated and 
untreated cystitis (51%). Bladder stones were documented 
in 41% of patients, and three patients presented with renal 
stones. Catheter blockage (36%) was the other significant 
complication, and this was treated with oral acidification 
of the urine, progressive use of larger French catheters 
(22 F), as well as frequent bladder irrigation. The authors 
stated that, due to the relatively short follow-up compared 
to other contemporary series, the absence of both upper 
and lower urinary tract deterioration, reflux, and squa- 
mous cell bladder cancer in this series could be deceiving. 

Weld and Dmochowski® reported on a retrospective 
review of 316 postspinal cord injury patients managed 
with transurethral catheterization (114), CIC (92), 
and SPC (36). Complications developed in 53% of 
transurethral catheterized patients, 44.4% of patients with 
SPC, and 27.2% of patients managed with CIC. The higher 
rates of complications, both renal and lower urinary tract, 
were attributed to a significant difference in bladder com- 
pliance in the catheter-dependent group. The emphasis on 
urodynamic pressure in chronically catheterized patients, 
and its impact on upper tract deterioration, was under- 
scored by the work of Jamil et al, who reported on the 
urodynamics of 30 patients with SCI over 14.3 years, whose 
bladders were managed with an indwelling urethral 
catheter. They found that the indwelling catheters were not 
always associated with low intravesical pressure: detrusor 
contractions causing intravesical pressure rises greater than 
40 cmH,O for up to 4.5 minutes were observed in 11/30 
patients. Renal scarring was observed in 9 patients and, 
of these, 6 were in the subgroup with pathologic bladder 
contractions whereas only 5 of 21 patients with normal 
kidneys had elevated detrusor pressures. 

The most recent and largest retrospective analysis, by 
Ahluwali et al,** examined 219 patients with SPC catheters 
over 50 months. Their described rate of symptomatic cys- 
titis was 21%, and the rate of catheter blockage was 25%, 
with operative morbidity and mortality rates of 10% and 
1.8%, respectively. Overall, their patient cohort had a satis- 
faction rating of 71%, in a nonvalidated questionnaire. 


Future directions 


The existing controversy regarding the management of the 
neurogenic bladder takes origin from the aforementioned 


studies, which, although they are commendable and form 
the basis of current management strategy, are in need of 
modernization with fresh prospective analyses. Although 
classical series revealed higher complication rates with SPC 
compared to CIC, recent retrospective series have tended to 
demonstrate acceptable results. Although it is accepted that 
chronic catheterization, including SPC, can lead to elevated 
complication profiles in susceptible patients, new investi- 
gations are necessary to record the impact of full choliner- 
gic blockade and vigorous bladder management strategies. 


Conclusions 


As such, for spinal cord injured patients who are either 
unable or unwilling to participate in a CIC program, SPC 
can be offered as a second-line therapy, with routine cys- 
toscopy and upper tract surveillance forming the backbone 
of this strategy. Maximizing the independence of SCI 
patients, as well as allowing degrees of sexual expression, 
are often paramount, and are valid reasons to choose SPC. 
Reliance on a multidisciplinary team for bladder mainte- 
nance can also diminish the risk of lower tract dysfunction, 
including bladder calculi, infection, or blocked catheters. 
Anticholinergic medication as well as a possible role for 
periodic bladder volume maintenance via periodic catheter 
clamping should also be considered. Simple maneuvers 
such as changing the catheter with a full bladder as well as 
the utilization of larger French catheters will also serve to 
decrease immediate complications. If these criteria are 
employed, SPC can serve as a viable option for carefully 
selected patients in whom CIC is not an option. 


References 


1. Lapides J, DIlokno AC, Silber SJ, Lowe BS. Clean intermittent self 
catheterization in the treatment of urinary tract disease. J Urol 1972; 
107: 458. 

2. Light JK, Beric A, Wise PG. Predictive criteria for failed sphinctero- 
tomy in spinal cord injury patients. J Urol 1987; 138: 1201. 

3. Dikono AC, Sonda LP, Hollander JB et al. Fate of patients started on 
clean intermittent self-catheterization therapy 10 years ago. J Orol 
1983; 129: 1120. 

4. Gottesman JE, Flanagan MJ. Suprapubic cystostomy: a simplified 
technique. Urology 1978; 11: 478-9. 

5. Klimberg I, Wehle M. Percutaneous placement of suprapubic 
cystostomy tube. Urology 1985; 26: 178-9. 

6. Hodgkinson CP, Hodari AA. Trocar suprapubic cystostomy for post- 
operative bladder drainage in the female. Am J Obstet Gynecol 1966; 
96: 773-81. 

7. O’Brien WM. Percutaneous placement of a suprapubic tube with 
peel away sheath introducer. Urol 1991; 145: 1015-6. 

8. O’Brien WM, Pahira JJ. Percutaneous placement of suprapubic tube 
using peelaway sheath introducer. Urology 1988; 31: 524-5. 

9. Chin JL, Short TWD. Percutaneous suprapubic cystostomy using 
balloon dilation. Urology 1990; 35: 261-2. 


Management of neurogenic bladder with suprapubic cystostomy 


569 


10. 


11. 


12, 


13; 


14. 


15, 


16. 


17; 


18. 


19, 


20. 


21. 


22. 


23; 


24. 


29; 


26. 


27. 


28. 


29. 


Aguilera P, Choi T. Ultrasonography-guided suprapubic cystostomy 
catheter placement in the emergency department (abstract). Ann 
Emerg Med 2002; 40: S75. 

Michael J, Lee MJ, Papanicolaou N et al. Fluoroscopically guided per- 
cutaneous suprapubic cystostomy for long-term bladder drainage: an 
alternative to surgical cystostomy. Radiology 1993; 188: 787-9. 
Mond DJ, Lee WJ. Fluoroscopically guided suprapubic cystostomy in 
complex urologic cases. J Vasc Interven Radiol 1994; 5: 911-4. 
Alagiri M, Seidmon J. Percutaneous endoscopic cystostomy for 
bladder localization and exact placement of a suprapubic tube. 
J Urol 1998; 159: 963-4. 

Flock WD, Lityak AS, McRoberts JW. Evaluation of closed suprapu- 
bic cystostomy. Urology 1978; 11: 40-2. 

Morse RM, Spirnak JP, Resnick MI. Iatrogenic colon and rectal 
injuries associated with urological intervention: report of 14 
patients. J Urol 1988; 140: 101-3. 

Noller KL, Pratt JH, Symmonds RE. Bowel perforation with a supra- 
pubic cystostomy: report of two cases. Obstet Gynaecol 1976; 48: 67-9. 
Lawrentchuk N, Lee D, Marriott P, Russell JM. Suprapubic stab 
cystostomy: a safer technique. Urology 2003; 62: 932-4. 

Stine RJ, Avila JA, Lemons MF et al. Diagnostic and therapeutic uro- 
logic procedures. Emerg Med Clin North Am 1988; 6: 547-78. 
Stover SL, Fine PR, eds. Spinal Cord Injury: The Facts and Figures. 
Birmingham: University of Alabama at Birmingham, 1986. 
Timoney AG, Shaw PJR. Urological outcome in female patients with 
spinal cord injury: the effectiveness of intermittent catheterization. 
Paraplegia 1990; 28: 556-63. 

Feneley RCL. The management of female incontinence by supra- 
pubic catheterization with or without urethral closure. Br J Urol 
1983; 55: 203-7. 

Peatfield RC, Burt AA, Smith PH. Suprapubic catheterization after a 
spinal cord injury: a follow-up report. Paraplegia 21: 220-6. 

Bunts RC. Management of urologic complications in 1000 para- 
plegics. J Urol 1958; 79: 733-41. 

Bors E, Comar AE. Neurological Urology. Baltimore University Park 
Press, 1971: 242. 

Guttman L. Spinal Cord Injuries. Oxford: Blackwell Scientific 
Publications, 1973: 361. 

Ross JC. Diversion of the urine in the neurogenic bladder. Br J Urol 
1967; 39: 708-11. 

Jacobs SC, Kaufman JM. Complications of permanent bladder 
drainage in spinal cord patients. J Urol 1978; 119: 740. 

Hackler RH. Long-term suprapubic cystostomy drainage in spinal 
cord injury patients. Br J Urol 1982; 54: 120-1. 

Sheriff MKM, Foley S, Macfarlane J et al. Long-term suprapubic 
catheterization: clinical outcome and satisfaction survey. Spinal 
Cord 1998; 36: 171-6. 


30. 


31. 


32. 


33% 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


McGuire EJ, Savastano J. Urodynamic findings and clinical status 
following vesical denervation procedures for control of continence. 
J Urol 1984; 132: 87—92. 

Kaufman JM, Fam B, Jacobs SC et al. Bladder cancer and squamous 
metaplasia in spinal cord injury patients. J Urol 1977; 118: 967, 1390, 
19876. 

Bejany DE, Lockhart JL, Rahmy RK. Malignant vessical tumors fol- 
lowing spinal cord injury. J Urol 138. 

Locke JR, Hill DE, Walger Y. Incidence of squamous cell carcinoma 
in patients with long-term catheter drainage. J Urol 1985; 133: 
1034-5. 

Talbot HS, Mahony EM, Jaffee SR. The effects of prolonged urethral 
catheterization: I. Persistence of normal renal structure and func- 
tion. J Urol 1959; 81: 138-43. 

Barnes DG, Shaw AG, Timoney AG, Tsokos N. Management of the 
neuropathic bladder by suprapubic catheterization. Br J Urol 1993; 
72: 169-72. 

Nomura A, Ishido T, Teranishi JI, Makiyama K. Long term analysis 
of suprapubic cystostomy drainage in patients with neurogenic 
bladder. Urol Int 2000; 65: 185-9. 

Mitsui T, Minami K, Furuno T, Morita H, Koyanagi T. Is the supra- 
pubic cystostomy an optimal urinary management in high quadri- 
plegics? A comparison study of suprapubic cystostomy and clean 
intermittent catheterization. Eur Urol 2000; 38: 434-8. 

Chao R, Clowers D, Mayo ME. Fate of upper urinary tracts in 
patients with indwelling catheters after spinal cord injury. Urology 
1993; 42(3): 259-62. 

Dewire DM, Owens RS, Anderson GA, Gottlieb MS, Lepor H. A 
comparison of the urological complications associated with long- 
term management of quadriplegics with and without chronic 
indwelling urinary catheters. J Urol 1992; 147: 1069-72. 

Linden R, Jeffler E, Freehafer AA. The team approach to urinary 
bladder management in spinal cord injury patients: a 26-year retro- 
spective look at the Highland View Urinary Catheter Care Team. 
Paraplegia 1990; 28: 314-7. 

McDiarmid SA, Arnold EP, Palmer NB, Anthony A. Management of 
spinal cord injured patients by indwelling suprapubic catheteriza- 
tion. J Urol 1995; 154: 492-4. 

Weld KJ, Dmochowski RR. Effect of bladder management on uro- 
logical complications in spinal cord injured patients. J Urol 2000; 
163(3): 768-72. 

Jamil F, Williamson M, Ahmed YS et al. Natural fill urodynamics in 
chronically catheterized patients with spinal cord injury. BJU Int 
1999; 83: 396-9. 

Ahluwali RS, Johal N, Kouriefs C et al. The surgical risk of supra- 
pubic catheterization and long-term sequelae. Ann R Coll Surg Engl 
2006; 88: 210-3. 


43 


Systemic and intrathecal pharmacologic 


treatment 


Tag Keun Yoo, Dae Kyung Kim, and Michael B Chancellor 


Introduction 


The principal causes of urinary incontinence in patients 
with neurogenic bladder are neurogenic detrusor over- 
activity (DO) and/or incompetence of urethral closing 
function. Thus, to improve urinary incontinence, the 
treatment should aim at decreasing detrusor activity, 
increasing bladder capacity, and/or increasing bladder 
outlet resistance. Pharmacologic therapy has been partic- 
ularly helpful in patients with relatively mild degrees of 
neurogenic bladder dysfunction. Patients with more pro- 
found neurogenic bladder disturbances may require 
pharmacologic treatment to augment other forms of 
management such as intermittent catheterization. The 
two most commonly used classes of agents are anti- 
cholinergics and a-adrenergic blockers (Table 48.1). 
Intravesical pharmacologic therapy is discussed in 
Chapter 49. 


Drugs for incontinence due 
to neurogenic detrusor 
overactivity and/or 
low-compliant detrusor 


Bladder relaxant drugs 


Anticholinergic agents are the most commonly used phar- 
maceuticals in the management of neurogenic bladder. 
Anticholinergic agents are employed to suppress neuro- 
genic DO. Although there is an abundance of drugs avail- 
able for the treatment of neurogenic DO, for many of 
them, efficacy is estimated based on preliminary open 
studies rather than on controlled clinical trials.' However, 
drug effects in individual patients may be practically 
important. 


Systemic drugs for incontinence due to neurogenic 
detrusor overactivity and/or low compliant detrusor 


Bladder relaxant drugs: 
e Propantheline 
e Oxybutynin 
e Tolterodine 
Propiverine 
Trospium 
Flavoxate 
Solifenacin 
Tricyclic antidepressants 


Drugs for incontinence due to neurogenic sphincter 
deficiency: 

e Alpha-adrenergic agonists 

e Estrogens 

e Tricyclic antidepressants 


Drugs for facilitating bladder emptying: 
e Alpha-adrenergic blockers 
e Cholinergics 


General indications of pharmacologic treatment in 
neurogenic DO are: 


1. to improve or eliminate reflex incontinence 

2. to eliminate or prevent a high intravesical pressure 
situation 

3. to enhance the efficacy of intermittent catheterization 
(IC), triggered voiding, and indwelling catheters. 


Neurogenic DO due to spinal cord injury (SCI) is mostly 
associated with a functional outflow obstruction due to 
detrusor-sphincter dyssynergia (DSD). For the most part, 
pharmacotherapy in the patients with SCI is used to com- 
pletely suppress reflex detrusor activity and facilitate IC. 
Bladder relaxant drugs decrease detrusor contractility also 
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during voiding. With this situation, residual urine increases 
and must then be assisted or accomplished by IC. 


Propantheline 


Propantheline bromide is an antimuscarinic drug, which is 
nonselective for muscarinic receptor subtypes. Despite its 
success in uncontrolled case series, no adequate controlled 
study of this drug for neurogenic DO is available.'? The 
usual adult oral dosage is 7.5-30 mg three to four times 
daily, although higher doses are often necessary.’ 


Oxybutynin 


Oxybutynin hydrochloride is a moderately potent 
antimuscarinic agent with a pronounced muscle relaxant 
activity and local anesthetic activity as well.'*° When 
given orally, oxybutynin acts mainly as an antimuscarinic. 

Several double-blind controlled studies have shown its 
efficacy for neurogenic DO.*"! The overall rate of good 
results (more than 50% symptomatic improvement) was 
61-86% with 5 mg three times per day. Side-effects were 
noted in all studies and severity increased with dosage. The 
overall incidence of possible side-effects was 12.5-68%. 
Most of them are related to antimuscarinic action, with dry 
mouth as the most common complaint. 

A once-a-day controlled-release formulation of oxybu- 
tynin, oxybutynin XL (Ditropan XL”), was developed. This 
controlled-release oxybutynin has less impact on saliva 
output than conventional immediate-release oxybutynin,” 
and clinical trials have also demonstrated the improvement 
in the dry mouth rate of oxybutynin XL.” Randomized, 
controlled clinical trials comparing the efficacy and safety 
of oxybutynin XL with conventional, immediate-release 
oxybutynin in patients with overactive bladder demon- 
strated that the urge urinary incontinence episodes 
declined log-linearly, and no significant difference was 
observed between the two formulations.'*!> 


Experience with oxybutynin in 
neurogenic bladder patients 


O'Leary et al evaluated the effects and tolerability of 
extended-release oxybutynin chloride on the voiding and 
catheterization frequency of a population of multiple scle- 
rosis (MS) patients with neurogenic bladder.'® This was a 
12-week prospective dose titration study of extended 
release oxybutynin (oxybutynin XL). Multiple sclerosis 
patients were recruited for this study from the MS clinic 
within the university. Entry criteria included a postvoid 


residual (PVR) of <200 ml (in the noncatheterized sub- 
jects). These tests were repeated at 6 and 12 weeks. After a 
7-day washout period, patients recorded episodes of void- 
ing or catheterization and incontinence for 3 consecutive 
days. Patients received initial doses of 10 mg oxybutynin 
XL in the first week. Doses were escalated to weekly or 
biweekly intervals to a maximum of 30 mg/day. Twenty 
patients completed the study: the mean age was 46.3 years 
(range 24-61 years), and 75% of the patients were women. 
Subjects reported clinical improvement with decreased 
urinary frequency and incontinence episodes after dosing 
was escalated to 30 mg. Seventeen patients chose a final 
effective dose greater than 10 mg, with 13 patients taking 
at least 20 mg/day at the end of the study. There were no 
serious adverse events during the course of the study. 

For the SCI patients with defined neurogenic DO, 
O'Leary et al evaluated the urodynamic changes with 
extended-release oxybutynin chloride in a 12-week 
prospective dose titration study." After a 7-day washout 
period, patients were evaluated by videourodynamic study 
and then treatment at a dose of 10 mg was initiated. Doses 
were increased in weekly intervals to a maximum of 
30 mg/day. Ten patients (mean age 49 years) with complete 
or incomplete SCI were enrolled and reported clinical 
improvement, with decreased urinary frequency and 
incontinence episodes after dosing was escalated to 30 mg. 
All patients chose a final effective dose greater than 10 mg 
with 4 patients taking 30 mg/day. Mean cystometric blad- 
der capacity increased by 274 ml to 380 ml (p = 0.008). No 
patient had serious adverse events. 


Tolterodine 


Tolterodine is a new competitive muscarinic receptor 
antagonist.'*!” Several randomized, and double-blind con- 
trolled studies in patients with overactive bladder have 
demonstrated its beneficial effect.’ Jonas et al reported 
on a randomized, double-blind, placebo-controlled study 
of tolterodine including urodynamic analysis in a total of 
242 patients:*° 2 mg twice daily was significantly more 
effective than placebo in increasing maximum cystometric 
bladder capacity and volume at first contraction after 
4 weeks’ treatment. 

The better tolerability profile of tolterodine compared 
with oxybutynin has been confirmed in another random- 
ized study on DO.” Tolterodine (2 mg twice daily) appears 
to be as effective as oxybutynin (5 mg three times daily), 
but is much better tolerated, especially in regard to dry 
mouth. In a meta-analysis of a four multicenter prospec- 
tive trials of 1120 patients, moderate to severe dry mouth 
was reported in 6% of patients receiving the placebo, 4% of 
patients receiving 1 mg twice daily tolterodine, 17% of 
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patients receiving 2 mg twice daily tolterodine, and 60% of 
those patients receiving conventional 5 mg three times 
daily oxybutynin.”! The other randomized controlled trial 
of tolterodine by Malone-Lee et al demonstrated superior 
tolerability and comparable efficacy to oxybutynin in indi- 
viduals 50 years old or older with overactive bladder.” 

A comparative study between controlled-release oxybu- 
tynin (oxybutynin XL) and immediate-release tolterodine 
(tolterodine IR) was published:?* 378 patients were ran- 
domized to receive either oxybutynin XL 10 mg (n = 185) 
or tolterodine IR 4 mg (2 mg twice daily) (n = 193). The 
populations were evenly matched with respect to demo- 
graphics. Oxybutynin XL reduced the number of weekly 
episodes of urge incontinence from 25.6 to 6.1 instances. 
Tolterodine IR decreased the number of weekly episodes 
from 24.1 to 7.8 instances. Oxybutynin XL demonstrated 
better efficacy (p = 0.03) compared with tolterodine IR. 
Dry mouth and central nervous system side-effects were 
similar for oxybutynin XL and tolterodine IR. 

The safety profile of tolterodine extended release (ER; 
4 mg once daily) appears to be better than tolterodine IR. 
Van Kerrebroeck et al reported a comparative study of the 
efficacy and safety of tolterodine extended release (ER; 
4 mg once daily), tolterodine immediate release (IR; 2 mg 
twice daily), as well as placebo in 1529 adult patients with 
overactive bladder.” The primary efficacy variable was the 
change in mean number of incontinence episodes per 
week, which decreased 53% from baseline in the toltero- 
dine ER group, 45% with tolterodine IR, and 28% in the 
placebo group. Tolterodine ER and IR provided a similar 
significant reduction in incontinence episodes vs placebo. 
Post-hoc analysis of the data using median values, based 
on a rationale of skewed data distribution, demonstrated 
improved efficacy of tolterodine ER vs IR. Dry mouth was 
significantly lower with tolterodine ER than with toltero- 
dine IR (23% tolterodine ER, 31% tolterodine IR, and 
8% placebo). The incidence of other side-effects was simi- 
lar to placebo in the tolterodine ER and tolterodine IR 
groups. 

Tolterodine also proved to be effective in patients with 
neurogenic DO. Ethans et al compared efficacy and safety 
of tolterodine with placebo in patients with neurogenic 
DO in a prospective, randomized, double-blind, and 
crossover trial.” Ten patients with neurogenic DO due to 
SCI or multiple sclerosis who used intermittent catheteri- 
zation participated. They found that tolterodine, 2 mg 
twice daily, was superior to placebo in enhancing catheter- 
ization volumes (p <0.0005) and reducing incontinence 
(p <0.001), but was comparable in cystometric bladder 
capacity. Incidence of dry mouth was comparable between 
tolterodine, 2 mg twice daily, and placebo. The authors 
concluded that tolterodine at the recommended dosage of 
2 mg twice daily improved incontinence and bladder vol- 
umes compared with placebo, and without significant dry 
mouth. 


An interesting study of tolterodine use in pediatric 
patients with neurogenic bladder has also been pub- 
lished.*° The authors investigated the effects of tolterodine 
over a 5-year follow-up period. Of the 43 patients evalu- 
ated, 30 (70%) took their medication consistently and 13 
(30%) sporadically. The mean bladder capacity was 
354.7 ml in the first group but only 214.7 ml in the non- 
compliant group (p <0.001). The mean maximal detrusor 
pressure decreased from 42.2 to 33.6 cmH,O in the com- 
pliant group (p <0.001) and from 49.7 to 46.4 cmH,O in 
the noncompliant group (p = 0.21). Dry mouth (11/13) 
and dizziness (7/13) were common in the noncompliant 
group, whereas only 5/30 reported dry mouth in the com- 
pliant group. They concluded that use of tolterodine over a 
long follow-up period is effective and tolerable. 

To have maximal benefits from tolterodine, dosage can 
be safely increased in some patients with neurogenic blad- 
der. Horstmann et al used double dose tolterodine ER in 21 
patients with neurogenic DO.*! Sixteen patients signifi- 
cantly decreased their incontinence episodes from 8-12 to 
0-2 episodes during the doubled treatment. The reflex vol- 
ume increased from 202 + 68 to 332 + 50 ml (p <0.001). 
Cystometric capacity increased from 290 + 56 to 453 + 63 
ml (p <0.001). One patient had to stop the medication 
because of intolerable side-effects and five patients did not 
experience satisfactory benefit. They concluded that the 
increased dosage of tolterodine was an effective treatment 
in patients with neurogenic bladder. 


Propiverine 


Propiverine hydrochloride is a benzylic acid derivative with 
musculotropic (calcium antagonistic) activity and moder- 
ate antimuscarinic effects.” Several randomized, double- 
blind, controlled clinical studies of this drug in patients 
with neurogenic DO have been reported.’ In a placebo- 
controlled, double-blind, randomized, prospective, multi- 
center trial, Stéhrer et al evaluated the efficacy and 
tolerability of propiverine (15 mg three times daily for 14 
days) as compared to placebo in 113 patients suffering 
from neurogenic DO caused by SCI.** The majority of 
patients practiced IC for bladder emptying. The maximum 
cystometric bladder capacity increased significantly in the 
propiverine group, on average by 104 ml. Sixty-three per- 
cent of the patients expressed a subjective improvement in 
their symptoms under propiverine in comparison to only 
23% of the placebo group. 

Madersbacher et al, in a placebo-controlled, multicenter 
study, demonstrated that propiverine is a safe and effective 
drug in the treatment of neurogenic DO. It is as effective as 
oxybutynin, but the incidence of dry mouth and its sever- 
ity is less with propiverine (15 mg, three times daily) than 
with oxybutynin (5 mg twice daily).*# 
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Another multicenter study on adult patients with neuro- 
genic DO was published by Stöhrer et al.” They compared 
the efficacy and tolerability of propiverine and oxybutynin 
in 131 patients of 18 years or more with neurogenic DO. 
The maximum cystometric capacity and maximum detru- 
sor pressure during the filling phase were significantly 
improved in both groups and no significant differences 
resulted between treatment groups. Dry mouth, the most 
frequent adverse event, was reported significantly less 
(47.1% versus 67.2%; p = 0.02) in the propiverine com- 
pared to the oxybutynin group. 

Schulte-Baukloh et al conducted a prospective analysis 
of the urodynamic effects of propiverine hydrochloride in 
20 children with neurogenic DO.** Before and after a 
twice-daily propiverine hydrochloride regimen, reflex vol- 
ume (RV), maximum detrusor pressure (MDP), maximum 
cystometric bladder capacity (MCBC), and bladder com- 
pliance (BC) were determined urodynamically. After 3—6 
months, the mean RV increased from 103.8 to 174.5 ml 
(p <0.005), MDP decreased from 52.5 to 40.1 cmH,O 
(p <0.05), MCBC increased from 166 to 231.9 ml (p <0.005), 
and BC improved from 11.2 to 30.6 ml/cmH,O (p <0.01), 
with propiverine treatment. The incontinence score (scale 
0-3) improved from 2.4 to 1.6 (p <0.05). Propiverine was 
well tolerated, although some children were given higher 
doses than recommended. 


Trospium 


Trospium is a quaternary ammonium derivative with 
mainly antimuscarinic action and has no selectivity for 
muscarinic receptor subtypes. It is expected to cross the 
blood-brain barrier to a limited extent and therefore seems 
to have no negative effects on cognitive function. 

In a placebo-controlled, double-blind study in 61 
patients with spinal DO, significant improvements in max- 
imum cystometric capacity and maximum detrusor pres- 
sure were demonstrated with 20 mg of trospium twice 
daily for 3 weeks compared with placebo.’’ Few side-effects 
were noted, compared with placebo. Madersbacher et al 
compared the clinical efficacy and tolerance of trospium 
(20 mg twice daily) and oxybutynin (5 mg three times 
daily) in a randomized, double-blind, urodynamically con- 
trolled, multicenter trial in 95 patients with spinal cord 
injuries and DO.** They found that the two drugs are equal 
in their effects on DO (increase of the cystometric bladder 
capacity by 30% and decrease of the maximum detrusor 
pressure by 30%), but trospium has fewer severe side- 
effects (incidence of severe dry mouth 5% with trospium 
vs 25% with oxybutynin).** 

Recently, Menarini et al conducted a double-blind study 
to discover whether dose escalation of oral trospium is safe 
and superior to standard dosing in patients with neuro- 
genic DO. *? They concluded that generally, in patients with 


neurogenic DO, daily doses of 45 mg trospium chloride 
can be considered as being the standard dose, and dose 
adjustment might not usually be necessary. However, 
increased daily doses of up to 135 mg appear to be safe 
when prescribed in individual patients less responsive to 
the drug. 


Flavoxate 


Flavoxate hydrochloride has a direct inhibitory action on 
detrusor smooth muscle in vitro. Early clinical trials with 
flavoxate have shown favorable effects in patients with neu- 
rogenic DO.*%*! Several randomized controlled studies 
have shown that the drug has essentially no effects on 
DO, 104243 


Solifenacin 


Solifenacin succinate (YM905, (+)-(1S,3’R)-quinuclidin- 
3’-yl 1-phenyl-1,2,3,4-tetrahydroisoquinoline-2-carboxylate 
monosuccinate) is an orally active muscarinic M;-receptor 
antagonist. Even though it has been suggested that 
M, receptors might directly contribute to detrusor con- 
traction in certain disease states, the M, receptors 
are thought to be the most important ones in detrusor 
contraction. 

The efficacy and tolerability of solifenacin in the treat- 
ment of patients with overactive bladder (OAB) have been 
evaluated and proved in many multinational prospective 
trials.“*~“° Chapple et al conducted the first double-blind 
multinational trials.“4 Compared with placebo, mean mic- 
turitions per 24 hours were significantly reduced with 
solifenacin 10 mg and 5 mg, and tolterodine. Solifenacin 
was well tolerated, and incidences of dry mouth were 4.9% 
with placebo, 14.0% with solifenacin 5 mg, 21.3% with 
10 mg, and 18.6% with tolterodine 2 mg twice daily. 

Another randomized, double-blind, placebo-controlled 
trial of the 12-week once daily solifenacin succinate in 
patients with overactive bladder was conducted.“ The pri- 
mary efficacy variable was change in mean number of mic- 
turitions per 24 hours. Secondary efficacy variables were 
changes in mean number of urgency, nocturia, and incon- 
tinence episodes per 24 hours, and mean volume voided 
per micturition. Compared with changes obtained with 
placebo (—1.59), micturitions per 24 hours were statisti- 
cally significantly decreased with solifenacin 5 mg (—2.37, 
p = 0.0018) and solifenacin 10 mg (—2.81, p = 0.0001). A 
statistically significant decrease was observed in the num- 
ber of incontinence episodes with both solifenacin doses (5 
mg, p = 0.002 and 10 mg, p= 0.016). Of patients reporting 
incontinence at baseline, half of them achieved continence 
after treatment with solifenacin. Episodes of nocturia were 


574 Textbook of the Neurogenic Bladder 


statistically significantly decreased in patients treated 
with solifenacin 10 mg (—0.71, —38.5%) versus placebo 
(—0.52, -16.4%, p = 0.036). Episodes of urgency were 
statistically significantly reduced with both solifenacin 
doses. Mean volume voided per micturition was statisti- 
cally significantly increased with both solifenacin doses 
(p = 0.0001). Dry mouth was reported in 7.7% of patients 
receiving solifenacin 5 mg and 23% receiving solifenacin 
10 mg (vs 2.3% with placebo). 

The STAR trial, a prospective, double-blind, double- 
dummy, two-arm, parallel-group, 12-week study, com- 
pared the efficacy and tolerability of solifenacin succinate 
and extended release tolterodine in patients with OAB.“° 
The efficacy and safety of solifenacin 5 or 10 mg and 
tolterodine extended release (ER) 4 mg once daily were 
compared in OAB patients. After 4 weeks of treatment, 
patients had the option to request a dose increase but were 
dummied throughout, as approved product labeling only 
allowed an increase for those on solifenacin. As a result, 
solifenacin, with a flexible dosing regimen, showed a 
greater efficacy than tolterodine in decreasing urgency 
episodes, incontinence, urge incontinence, and pad usage, 
and increasing the volume voided per micturition. More 
solifenacin treated patients became continent and reported 
improvements in perception of bladder condition assess- 
ments. The majority of side-effects were mild to moderate 
in nature, and discontinuations were comparable and low 
in both groups. 

Even though there is much evidence for the efficacy and 
safety of solifenacin for the treatment of OAB/DO, few data 
are present in the field of neurogenic DO. There is only one 
experimental animal study by Suzuki et al.“ This group 
observed the effects of solifenacin succinate on DO in 
conscious cerebral infarcted rats. The effects of solifenacin, 
tolterodine, and propiverine on DO in cerebral infarcted 
rats were examined. Evaluation was done under conscious 
conditions using cystometry one day after middle cerebral 
artery occlusion. Cystometric examination revealed 
decreases in bladder capacity and voided volume, an 
increase in residual volume, and no change in micturition 
pressure. None of the three drugs affected residual volume 
or micturition pressure. In summary, solifenacin may 
improve DO without causing urinary retention in cerebral 
infarcted rats. 


Tricyclic antidepressants 


Many clinicians have found tricyclic antidepressants, 
particularly imipramine hydrochloride, to be useful agents 
for facilitating urine storage, both by decreasing bladder 
contractility and by increasing outlet resistance.** 
However, no sufficiently controlled trials of tricyclic antide- 
pressants in terms of neurogenic DO have been reported. 


Nevertheless, in some developing countries tricyclic anti- 
depressants are the only bladder relaxant substances that 
people can afford. The down side with tricyclic antidepres- 
sants is the narrow safety profile and side-effects. The poten- 
tial hazard of serious cardiovascular toxic effect should be 
taken into consideration.' Combination therapy using anti- 
cholinergics and imipramine may have synergistic benefits 
with a low level of evidence. 


Drugs for incontinence due to 
neurogenic sphincter 
deficiency 


Even though the levels of evidence are low, a-adrenergic 
agonists, >! estrogens,” B-adrenergic agonists,” and tri- 
cyclic antidepressants™ have been used to increase outlet 
resistance. No adequately designed controlled studies of 
any of these drugs for treating neuropathic sphincter defi- 
ciency have been published. In certain selected cases of 
mild to moderate stress incontinence, a beneficial effect 
may be obtained.' 


Drugs for facilitating bladder 
emptying 


Alpha-adrenergic blockers 


Alpha adrenoceptors have been reported to be predomi- 
nantly present in the bladder base, posterior urethra, and 
prostate. Alpha-blockers have been reported to be useful 
in neurogenic bladder by decreasing urethral resistance 
during voiding. A multicenter, placebo-controlled, dou- 
ble-blind trial of urapidil — an o-blocker on neurogenic 
bladder dysfunction — by means of a pressure—flow study 
demonstrated significant improvement of straining and 
of the sum of urinary symptom scores, which was associ- 
ated with a significant improvement of urodynamic 
parameters (decreases in the pressure at maximum flow 
rate and the minimum urethral resistance) over the 
placebo.°>°° 

Doxazosin therapy was reported to decrease leak-point 
pressure of 2 pediatric patients with neuropathic bladder 
secondary to myelomeningocele, and it was tolerable.” 

Alpha-adrenergic blockade also helps to prevent excess 
sweating secondary to spinal cord autonomic dysreflexia. 
Sweat glands, primarily responsible for thermoregulatory 
factors, are innervated by postganglionic cholinergic neu- 
rons of the sympathetic system. Alpha-receptor blockade 
inhibits this postsynaptic neuronal uptake of norepineph- 
rine (noradrenaline) and reduces neurologic sweating.*® 
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Cholinergics 


In general, bethanechol chloride seems to be of limited 
benefit for acontractile detrusor and for elevated residual 
urine volume. Elevated residual volume is often due to 
sphincter dyssynergia. It would be inappropriate to poten- 
tially increase detrusor pressure when there is concurrent 
DSD.” 


Therapy for sphincter 
dyssynergia 


In patients with sufficient manual dexterity, the most rea- 
sonable treatment option is to abolish the involuntary 
detrusor contractions (to insure continence) and then to 
institute intermittent self-catheterization (in order to 
empty the bladder).°°°! Treatment options include 
catheterization (either intermittent or continuous), exter- 
nal sphincterotomy, pharmacologic therapy, urinary diver- 
sion, biofeedback, functional electrical stimulation, and 
several new minimally invasive alternatives to external 
sphincterotomy (Table 48.2). 

Unfortunately, there is no class of pharmacologic agents 
that will selectively relax the striated musculature of the 
pelvic floor. Several different drugs have been used to treat 
detrusor-external sphincter dyssynergia (DESD), including 
the benzodiazepines, dantrolene, baclofen, and &œ-adrener- 
gic blocking agents.“ Baclofen and diazepam exert their 
actions predominantly within the central nervous system, 
whereas dantrolene acts directly on skeletal muscle. 
Although these drugs are capable of providing variable 
relief of muscle spasticity, their efficacy is far from com- 
plete, and troublesome muscle weakness, adverse effects on 
gait, and a variety of other side-effects minimize their over- 
all usefulness. 

Alpha-adrenergic antagonists have been extensively used 
for DESD. The rationale for their use is their proven effi- 
cacy on internal urinary sphincter (bladder neck and 
prostate) smooth muscle obstruction. Unfortunately, there 
is no good clinical study to support the use of alpha block- 
ade for DESD. In addition, there is a report of preliminary 
success using oral clonidine in 4 of 5 patients with DESD.© 
Continuous intrathecal baclofen infusion has been shown 
to be effective in diminishing DESD in up to 40% of 
patients with DESD.® 


Alpha-adrenergic blockade 


Although most researchers would agree that alpha blockers 
exert their favorable effects on voiding dysfunction pri- 
marily by affecting the smooth muscle of the bladder neck 


Therapy of detrusor-external sphincter 
dyssynergia 


Conventional surgery: 
e External sphincterotomy 


Pharmacologic: 

e Baclofen (oral or intrathecal) 
Dantrolene 
Benzodiazepine 
Possibly a-adrenergic blockade 
Possibly clonidine 


Minimally invasive techniques: 
e Sphincter stent 
e Balloon sphincter dilatation 
e Laser sphincterotomy 
e Botulinum toxin injection 


Circumventing the problem: 
e Intermittent catheterization 
e Indwelling catheterization (urethral or suprapubic) 
e Urinary diversion 


and proximal urethra, there are suggestions that they may 
affect striated sphincter tone as well.” Other data suggest 
that they may exert some effects on the symptoms of void- 
ing dysfunction by decreasing bladder contractility. Alpha 
antagonists have been shown to be clinically effective in 
relieving internal sphincter obstruction by their effect on 
the bladder neck and prostate.°*°’ Whether the striated 
external urinary sphincter receives sympathetic innerva- 
tion remains controversial. Most of the research has been 
carried out only in laboratory animals, where both the 
presence and absence of alpha receptors have been 
reported at the external sphincter level.” Clinical corre- 
lation of the effects of &-antagonists on the striated exter- 
nal urinary sphincter during micturition is lacking. Most 
clinical studies have based their conclusions on effects on 
the passive urethral pressure profile.”>”* 

The SCI male, with both neurogenic vesical dysfunction 
and DESD, offers an ideal opportunity to study the interre- 
lationship between the function of the bladder and both 
the internal and external urinary sphincters.” The effect of 
a-adrenergic innervation and its clinical significance on 
the two sphincters is more readily apparent in such 
patients. 

Mobley treated 37 patients with neurogenic bladder 
with phenoxybenzamine and noted 78% success.”® 
Unfortunately, no objective data — including urodynamic 
parameters, length of follow-up, or indications of improve- 
ment — were specified. Whitfield et al found a significant 
decrease in the UPP with alpha blockade in 25 patients 
with neurogenic vesical dysfunction.” However, actual 
voiding pressure was not reported. 
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Using intravenous phentolamine, Awad et al noted a signif- 
icant decrease in pressure along the entire length of the ure- 
thra in both sexes, including the peak pressure zone.’* Olsson 
et al proposed that a constant state of sympathetic tonus to the 
internal sphincter exists, and that inhibition of this tonus dur- 
ing micturition results in bladder neck opening.” 

Research providing evidence against a clinically signifi- 
cant effect of a sympathetic antagonist on the external 
sphincter includes a report by McGuire et al.*° They reported 
on 9 patients with neurogenic bladders and severe auto- 
nomic dysreflexia who demonstrated dramatic improve- 
ment with phenoxybenzamine. The urethral resistance was 
unassociated with spasticity of the striated muscle and was 
abolished by administration of phenoxybenzamine. This 
documents abnormal urethral smooth muscle activity in 
SCI patients but fails to demonstrate a sympathetic effect on 
the external sphincter musculature. 

Rossier et al used a pudendal block plus phentolamine to 
study the effect on the external sphincter.*! The authors con- 
cluded that there was no significant sympathetic innervation 
of striated muscle in humans. Pudendal nerve blocks have 
demonstrated sphincter dyssynergia to be mediated through 
the pudendal nerves via spinal reflex arcs. Phentolamine 
effects on bladder activity suggest that blockade of o1-adren- 
ergic receptors inhibits primarily the transmission in vesical 
and/or pelvic parasympathetic ganglia, and acts only secon- 
darily through direct depression of the vesical smooth mus- 
cle. Their neuropharmacologic results raise strong doubts as 
to the existence of clinically significant sympathetic innerva- 
tion of the striated urethral muscle in humans. 

Terazosin, a selective ,-blocker, was examined in 15 nor- 
motensive SCI patients.°? DESD without obstruction of the 
bladder neck or prostate was documented using videouro- 
dynamic evaluation in all patients. Urodynamic testing was 
performed both before and after treatment was initiated 
with terazosin (5 mg nightly). Voiding pressure before and 
during terazosin therapy averaged 92 + 17 and 88 + 27 
cmH,0, respectively (p = 0.48). After subsequent external 
sphincterotomy or sphincter stent placement, 
the voiding pressure was reduced to 38 + 15 cmH,O 
(p <0.001). Nine other patients suffered from persistent 
voiding symptoms after previous sphincterotomy. Each was 
subsequently treated with oral terazosin. Of 5 patients who 
improved with this treatment, urodynamic parameters 
demonstrated obstruction only at the bladder neck, with no 
evidence of obstruction at the level of the external sphincter. 
The 4 patients who failed to improve were documented to 
have an open bladder neck but obstruction at the level of the 
external sphincter. This study supports that œ sympathetic 
blockade has no effect on external sphincter function and 
does not significantly relieve functional obstruction caused 
by DESD. Also noted was that terazosin is helpful in diag- 
nosing and treating internal sphincter (bladder neck and 
prostate) obstruction, especially in patients who have persis- 
tent voiding symptoms after external sphincterotomy. 


Bennett et al conducted another terazosin study in 60 
spinal cord injured male patients with DESD.* Mean age 
was 37 years (range 15-70 years) and the patients received 
terazosin for a 90-day period. Videourodynamic findings 
were compared with the pretreatment values. Of the 
60 patients, 35 completed the study. According to response 
to treatment, a responders group (group A, n= 17) and 
a nonresponders group (group B, n= 18) were identified. 
Though the bladder capacity and PVR did not change 
significantly in either group, there was a significant 
decrease in the maximum detrusor pressure, from a mean 
of 105.3 to 73.9 cmH,O, and in maximum urethral pres- 
sure gradient (MUPG), from a mean of 84.7 to 54.1 
cmH,O in group A. The time since injury was signifi- 
cantly longer in group A than in group B. They concluded 
that terazosin in a dose of 10 mg/day was well tolerated 
and effective in reducing bladder outlet obstruction in 
many spinal cord injured patients, and they recom- 
mended that terazosin should be considered a first-line 
treatment of vesicosphincter dyssynergia (VSD) prior to 
contemplating surgery. 

Patients demonstrating clinical improvement with tera- 
zosin therapy, despite no urodynamic verification of 
improvement in DESD, may be responding to treatment of 
autonomic dysreflexia symptoms.**-* The patients may feel 
better because of diminished autonomic dysreflexia activ- 
ity, despite ongoing DESD.®° Another reason for clinical 
improvement without resolution of DESD may be an 
undiagnosed functional obstruction at the level of the 
urethral smooth musculature, which should improve with 
a, blockade, rather than true DESD. 


Baclofen 


Baclofen depresses monosynaptic and polysynaptic exci- 
tation of motor neurons and interneurons in the spinal 
cord and possibly functions as a glycine and gamma- 
aminobutyric acid (GABA) agonist. GABA has been 
identified as the major inhibitory transmitter in the 
spinal cord.*° 

Baclofen has been found useful in the treatment of skeletal 
spasticity attributable to a variety of causes, especially multi- 
ple sclerosis and traumatic spinal cord lesions.” Hacken and 
Krucker found intravenous, but not oral, baclofen effective 
for patients with detrusor-sphincter dyssynergia, with the 
side-effects of weakness and dizziness common.™ 

Leyson et al studied high-dose oral baclofen in 25 SCI 
patients.®” They concluded that baclofen was helpful in 
decreasing the resting urethral pressure at the level of the 
sphincter. Residual urine decreased in 73% of their cases. 
However, only 20% of the patients demonstrated a reduc- 
tion in intravesical pressure at high doses of between 140 
and 160 mg daily. The safety of long-term oral baclofen is 
also of significant concern. This study verified the very 
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limited role, if any, that baclofen may have in the treatment 
of DESD. 

Florante et al reported that 73% of their patients with 
voiding dysfunction caused by acute and chronic SCI had 
lower striated sphincter responses and decreased residual 
urine volumes after oral baclofen treatment.*® However, a 
very high daily dose of 120 mg was used. The potential 
side-effects of baclofen include drowsiness, insomnia, rash, 
pruritus, dizziness, and weakness. The drug may impair the 
ability to walk or stand, and is not recommended for the 
management of spasticity resulting from cerebral lesions or 
disease. Sudden withdrawal has been shown to provoke 
hallucinations, anxiety, and tachycardia; hallucinations 
during treatment, which have been responsive to reduc- 
tions in dosage, have also been reported.*”° 

Baclofen may be used with an alpha blocker as a combi- 
nation therapy. In 21 female DSD patients, including 
2 with newly diagnosed multiple sclerosis, Kilicarslan et al 
used baclofen and doxazosin together. °! Urodynamic stud- 
ies were performed in all symptomatic patients, and con- 
sisted of the measurement of postmicturition residuals, 
urethral pressure profilometry, and EMG cystometry 
according to the criteria of the International Continence 
Society. All patients were treated with baclofen 15 mg/day 
and doxazosin 4 mg/day. Seven patients received toltero- 
dine 4 mg/day in addition to baclofen and doxazosin 
because of DO. They found that treatment with combined 
baclofen and doxazosin appeared to be effective in the 
female patients with DSD. 


Benzodiazepines 


Few references are available that provide valuable data on 
the use of any of the diazepines in the treatment of DESD. 
The benzodiazepines potentiate the action of GABA at 
both presynaptic and postsynaptic sites in the brain and 
spinal cord.» We have not found the recommended oral 
doses of diazepam to be effective in controling DESD. 
Anecdotal improvement may simply be attributable to the 
anti-anxiety effect of the drug. 


Beta-adrenergic agonists 


Beta-adrenergic agonists, especially those with prominent 
beta characteristics, are able to produce relaxation of slow- 
twitch skeletal muscles.” Gosling et al have reported that a 
portion of the external urethral sphincter comprising the 
outermost urethral wall consists exclusively of slow-twitch 
fibers, whereas the striated muscle fibers of the levator ani 
contain both fast- and slow-twitch fibers.** This type of 
action may account, at least in part, for the decrease in ure- 
thral profile parameters seen with terbutaline. There is no 


clinical evidence of successful treatment of DESD with 
B-adrenergic agonists. 


Dantrolene 


Dantrolene sodium exerts its effects by a direct peripheral 
relaxation action on skeletal muscle.” Dantrolene has 
been shown to dissociate excitation—contraction coupling 
in the sarcoplasmic reticulum of muscle.® Hackler et al 
reported improvement in voiding function in approxi- 
mately half of their patients with DESD treated with 
dantrolene.®? 

However, dosages significantly above the recommended 
daily maximum were required, whereas significant side- 
effects, especially weakness, were common. Harris and 
Benson reported that the generalized weakness which 
dantrolene may induce is often significant enough to com- 
promise its therapeutic effects.” Other potential side-effects 
include euphoria, dizziness, diarrhea, and hepatotoxicity. 
Fatal hepatitis has been reported in approximately 0.1- 
0.2% of patients treated with the drug for 60 days or longer, 
whereas symptomatic hepatitis may occur in 0.5% of 
patients treated for more than 60 days; chemical abnormal- 
ities of liver function are noted in approximately 1%.° 


Drugs to increase bladder 
pressure 


Modalities that have been tried to increase intravesical 
pressure to achieve bladder emptying such as suprapubic 
percussion, Credé’s maneuver, and use of bethanechol 
chloride are not effective and may potentially be detrimen- 
tal.6' Increasing the detrusor pressure without simultane- 
ously relaxing the outlet is associated with upper urinary 
tract morbidity and can aggravate autonomic dysreflexia.”” 


Intrathecal baclofen pump 


The use of an intrathecal baclofen pump has also received 
some attention in the treatment of DESD.® These pumps 
were implanted for severe spasticity and some of the 
patients experienced improvement in bladder and sphincter 
functions. Nanninga et al reported their experience in 7 
patients for relief of severe spasticity.” Six patients demon- 
strated an increase in bladder capacity and 4 were able to 
perform IC and remain dry. A slight decrease in maximum 
intravesical pressure was seen in all the patients. Talalla et al 
noted an inconsistent effect of intrathecal baclofen on ure- 
thral pressure in 6 SCI patients.” Two patients had signifi- 
cant reduction in maximum urethral and maximum 
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detrusor pressures. Side-effects included half of the patients 
noticing that reflex erections were reduced or abolished for 
at least 24 hours following intrathecal baclofen. The authors 
reported that this side-effect has deterred other patients 
from considering this treatment modality. 

With 10 patients with severe spasticity due to spinal cord 
pathology, a prospective, blinded study was performed to 
examine the effects of acute bolus and chronic continuous 
intrathecal baclofen on genitourinary function.'° 
Symptom questionnaires and urodynamic studies were 
performed after a bolus dose of baclofen and 6 to 12 
months after continuous intrathecal baclofen. Uninhibited 
bladder contractions were eliminated in all patients with 
irritative voiding and urge incontinence. Of 3 patients with 
an indwelling urethral catheter for incontinence due to 
neurogenic DO, 1 was converted to intermittent self- 
catheterization. A 72% increase in capacity and 16% 
improvement in compliance were observed in subjects 
without cervical spinal cord pathology. DESD was abol- 
ished in 40% of the patients. The authors suggested con- 
tinuous intrathecal baclofen might be a good option for 
the patients with neurogenic bladder who have decreased 
bladder compliance and neurogenic DO not controlled by 
oral medication. 

Long-term clinical, electrophysiologic, and urodynamic 
effects of chronic intrathecal baclofen infusion were proved 
for treatment of spinal spasticity.” Mertens et al followed 
17 patients after chronic intrathecal baclofen infusion using 
an implanted programmable pump. Nine tetraparetics, 
seven paraplegics, and one paraparetic were enrolled and 
regularly followed for 5 to 69 months (mean 37.5 months). 
Due to reduction of hypertonia, spasms, and pain related to 
contractures, all patients experienced significant ameliora- 
tion of quality of life. Neurogenic pain improved in 3 cases, 
and various degrees of motor improvement were detected 
in patients whose motor functions were partially preserved. 
Chronic baclofen infusion increased the flexion reflex 
threshold and reduced the amplitude very significantly in 
all our patients. In half of the patients with spastic neuro- 
genic bladder, intrathecal baclofen produced a decrease of 
detrusor hypertonia and hyperactivity, with reduction of 
leakage and increase in functional bladder capacity. 


Future perspectives in new 
drug development for 
neurogenic bladder and new 
therapeutic strategies in 
neurourology 


During the past few years, research in neurourology 
has stimulated the development of new therapeutic 
approaches for incontinence, including the intravesical 


administration of afferent neurotoxins such as capsaicin 
and resiniferatoxin. What are the research priorities for the 
future? It will be important to focus on the development of 
neuropharmacologic agents that can suppress the unique 
components of abnormal bladder reflex mechanisms and 
thereby act selectively to decrease symptoms without alter- 
ing normal voiding function. To end this chapter, we would 
like to speculate on a few areas of research with new and 
better treatment of neuropathic urinary incontinence. 


New drug development for 
neurogenic bladder 


Bladder-specific K* channel openers. Can truly bladder 
smooth muscle or afferent neuron-specific potassium 
channel openers be developed. This treatment may allevi- 
ate the overactive and sensitive bladder without any dry 
mouth. 


Intravesical vanilloid treatment. Can the clinical utility 
of intravesical resiniferatoxin be perfected so that the 
preferred therapy for neurogenic bladder is a simple out- 
patient 30 min instillation of 30 ml resiniferatoxin that 
will last 3 months without systemic side-effects? 


Anticholinergic drugs. Can the pharmaceutical companies 
develop a truly bladder-specific and effective anticholiner- 
gic drug with no dry mouth? 


Tachykinin antagonists. These substances are appealing in 
that they may be effective without increasing residual urine 
volumes. Can clinically useful and safe NK antagonists be 
developed? 


Calcium mobilization and calcium signal modulating 
agents: Calcium homeostasis in muscle cells is a critical 
requirement for normal contractile function. Alterations in 
intracellular calcium metabolism would be expected to 
lead to urethral sphincter and bladder dysfunction. These 
would be new targets for the restoration of lower urinary 
tract function. 


New therapeutic strategies in 
neurourology 


Beyond the horizon of nearterm advancement, we predict 
a brave new paradigm in neurourology. What has already 
started is the evolution of unstoppable forces of change in 
medicine that include pharmacogenomics, tissue engineer- 
ing, and gene therapy. These will change how we practice 
urology and gynecology. 


Pharmacogenomics. Medicine will be tailored to the 
genetic make-up of each individual. Through microarray 
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gene chip technology, we will know how a patient metabo- 
lizes medications and the patient’s receptor(s) profile and 
allergy risk. These factors can be screened against a list of 
medications prior to therapy. A physician will then be able 
to always prescribe the best drug for each patient without 
the risk of allergic reaction. 


Tissue engineering. Rapid advances are being made feasi- 
ble in tissue and organ reconstruction using autologous 
tissue and stem cells. We envisage a day, in the not too dis- 
tant future, when stress incontinence is cured not with a 
cadaver ligament and metal screws into the bones but 
rather with a minimally-invasive injection of stem cells 
that will not only bulk up the deficient sphincter but also 
actually improve the sphincter’s contractility and function. 


Gene therapy. Diabetic neurogenic bladder and visceral 
pain may be cured with one or more injections of a gene 
vector that the physician will inject into the bladder or ure- 
thra. Injection of a nerve growth factor via a herpes virus 
vector into the bladder of a diabetic may restore bladder 
sensation and innervation. Can the introduction of a virus 
that expresses the production of endorphin that is site- and 
nerve-specific help alleviate pelvic visceral pain, regardless 
of the cause? 


References 


1. Andersson K-E. Current concepts in treatment of disorders of 
micturition. Drugs 1988; 35: 477. 

2. Blaivas JG, Labib KB, Michalik J, Zayed AAH. Cystometric response 
to propantheline in detrusor hyperreflexia: therapeutic implica- 
tions. J Urol 1980; 124: 259. 

3. Wein AJ. Neuromuscular dysfunction of the lower urinary tract and 
its treatment. In: Walsh, Retik, Vaughan, Wein AJ, eds. Campbell’s 
Urology, 7th edn. 1997: 953-1006. 

4. Anderson GF, Fredericks CM. Characterization of the oxybutynin 
antagonism of drug-induced spasms in detrusor. Pharmacology 
1972; 15: 31. 

5. Yarker YE, Goa KL, Fitton A. Oxybutynin. A review of its pharma- 
codynamic and pharmacokinetic properties, and its therapeutic use 
in detrusor instability. Drugs Aging 1995; 6(3): 243. 

6. Thompson IM, Lauvetz R. Oxybutynin in bladder spasm, neuro- 
genic bladder, and enuresis. Urology 1976; 8: 452. 

7. Hehir M, Fitzpatrick JM. Oxybutynin and prevention of urinary 
incontinence in spinal bifida. Eur Urol 1985; 11(4): 254. 

8. Gajewski JB, Awad SA. Oxybutynin versus propantheline in patients 
with multiple sclerosis and detrusor hyperreflexia. J Urol 1986; 
135(5): 966. 

9. Koyanagi T, Maru A et al. Clinical evaluation of oxybutynin 
hydrochloride (KL007 tablets) for the treatment of neurogenic 
bladder and unstable bladder: a parallel double-blind controlled 
study with placebo. Nishi Nihon Hinyouki 1986; 48: 1050. [in 
Japanese] 

10. Zeegers AGM, Kiesswetter H, Kramer AEJ, Jonas U. Conservative 
therapy of frequency, urgency and urge incontinence: a double 
blind clinical trial of flavoxate hydrochloride, oxybutynin chloride, 
emepronium bromide and placebo. World J Urol 1987; 5: 57. 

11. Thiiroff JW, Bunke B, Ebner A et al. Ramdomized, double-blind, 
multicenter trial on treatment of frequency, urgency and urge 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


incontinence related to detrusor hyperactivity: oxybutynin versus 
propantheline versus placebo. J Urol 1991; 145: 813. 

Chancellor MB, Appell RA, Sathyan G, Gupta SK. A comparison of 
the effects on saliva output of oxybutynin chloride and tolterodine 
tartrate. Clin Ther 2001; 23: 753-60. 

Siddiqui MA, Perry CM, Scott LJ. Oxybutynin extended-release: a 
review of its use in the management of overactive bladder. Drugs. 
2004; 64: 885-912. 

Birns J, Lukkari E, Malone-Lee JG. A randomized controlled trial 
comparing the efficacy of controlled-release oxybutynin tablets 
(10 mg once daily) with conventional oxybutynin tablets (5 mg 
twice daily) in patients whose symptoms were stabilized on 5 mg 
twice daily of oxybutynin. BJU Int 2000; 85: 793-8. 

Versi E, Appell R, Mobley D et al. Dry mouth with conventional 
and controlled-release oxybutynin in urinary incontinence. The 
Ditropan XL Study Group. Obstet Gynecol 2000; 95: 718. 

O'Leary M, Erickson JR, Smith CP et al. Effect of controlled release 
oxybutynin on neurogenic bladder function in spinal cord injury. 
J Spinal Cord Med 2003; 26: 159-62. 

O'Leary M, Erickson JR, Smith CP et al. Effect of controlled-release 
oxybutynin on neurogenic bladder function in spinal cord injury. 
J Spinal Cord Med 2003; 26: 159-62. 

Nilvebrant L, Andersson K-E, Gillberg P-G et al. Tolterodine — a new 
bladder selective antimuscarinic agent. Eur J Pharmacol 1997; 327: 195. 
Nilvebrant L, Hallen B, Larsson G. Tolterodine — a new bladder 
selective muscarinic receptor antagonist: preclinical pharmacologi- 
cal and clinical data. Life Sci 1997; 60: 1129. 

Jonas U, Hofner K, Madersbacher H, Holmdahl TH. Efficacy and 
safety of two doses of tolterodine versus placebo in patients with 
detrusor overactivity and symptoms of frequency, urge inconti- 
nence, and urgency: urodynamic evaluation. The International 
Study Group. World J Urol 1997; 15: 144. 

Appell RA. Clinical efficacy and safety of tolterodine in the treatment 
of overactive bladder: a pooled analysis. Urology 1997; 50: 90-6. 
Rentzhog L, Stanton SL, Cardozo L et al. Efficacy and safety of 
tolterodine in patients with detrusor instability: a dose-ranging 
study. Br J Urol 1998; 81: 42. 

Abrams P, Freeman R, Anderstrom C, Mattiasson A. Tolterodine, a 
new antimuscarinic agent: as effective but better tolerated than oxy- 
butynin in patients with an overactive bladder. Br J Urol 1998; 81: 801. 
Van Kerrebroeck PE, Amarenco G, Thuroff JW et al. Dose-ranging 
study of tolterodine in patients with detrusor hyperreflexia. 
Neurourol Urodyn 1998; 17: 499. 

Goessl C, Sauter T, Michael T et al. Efficacy and tolerability of 
tolterodine in children with detrusor hyperreflexia. Urology 2000; 
55: 414. 

Malone-Lee J, Shaffu B, Anand C, Powell C. Tolterodine: superior 
tolerability than and comparable efficacy to oxybutynin in individ- 
uals 50 years old or older with overactive bladder: a randomized 
controlled trial. J Urol 2001; 165: 1452. 

Van Kerrebroeck P, Kreder K, Jonas U et al. Tolterodine once-daily: 
superior efficacy and tolerability in the treatment of the overactive 
bladder. Urology 2001; 57: 414. 

Appell RA, Sand P, Dmochowski R et al. Prospective randomized 
controlled trial of extended-release oxybutynin chloride and 
tolterodine tartrate in the treatment of overactive bladder: results of 
the OBJECT Study. Mayo Clin Proc 2001; 76: 358. 

Ethans KD, Nance PW, Bard RJ, Casey AR, Schryvers OI. Efficacy 
and safety of tolterodine in people with neurogenic detrusor over- 
activity. J Spinal Cord Med 2004; 27: 214-18. 

Christoph F, Moschkowitsch A, Kempkensteffen C et al. Long-term 
efficacy of tolterodine and patient compliance in pediatric patients 
with neurogenic detrusor overactivity. Urol Int 2007; 79: 55-9 . 
Horstmann M, Schaefer T, Aguilar Y, Stenzl A, Sievert KD. 
Neurogenic bladder treatment by doubling the recommended 
antimuscarinic dosage. Neurourol Urodyn 2006; 25: 441-5. 


580 


Textbook of the Neurogenic Bladder 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39; 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


Tokuno H, Chowdhury JU, Tomita T. Inhibitory effects of propiver- 
ine on rat and guinea-pig urinary bladder muscle. Naunyn 
Schmiedeberg’s Arch Pharmacol 1993; 348: 659. 

Stéhrer M, Madersbacher H, Richter R et al. Efficacy and safety of 
propiverine in SCI-patients suffering from detrusor hyperreflexia — 
a double-blind, placebo-controlled clinical trial. Spinal Cord 1999; 
37: 196. 

Madersbacher H, Halaska M, Voigt R et al. A placebo-controlled, 
multicentre study comparing the tolerability and efficacy of 
propiverine and oxybutynin in patients with urgency and urge 
incontinence. BJU Int 1999; 84: 646. 

Stöhrer M, Mürtz G, Kramer G et al. Propiverine Investigator 
Group. Propiverine compared to oxybutynin in neurogenic detru- 
sor overactivity — results of a randomized, double-blind, multicen- 
ter clinical study. Eur Urol 2007; 51: 235—42. 

Schulte-Baukloh H, Miirtz G, Henne T et al. Urodynamic effects of 
propiverine hydrochloride in children with neurogenic detrusor 
overactivity: a prospective analysis. BJU Int 2006; 97: 355-8. 
Stéhrer M, Bauer P, Giannetti BM et al. Effects of trospium chloride 
on urodynamic parameters in patients with detrusor hyperreflexia 
due to spinal cord injuries. A multicentre placebo-controlled 
double-blind trial. Urol Int 1991; 47: 138. 

Madersbacher H, Stéhrer M, Richter R et al. Trospium chloride ver- 
sus oxybutynin: a randomized, double-blind, multicentre trial in 
the treatment of detrusor hyperreflexia. Br J Urol 1995; 75: 452. 
Menarini M, Del Popolo G, Di Benedetto P et al. TcP128-Study 
Group. Trospium chloride in patients with neurogenic detrusor 
overactivity: is dose titration of benefit to the patients? Int J Clin 
Pharmacol Ther 2006; 44: 623-32. 

Kohler FP, Morales PA. Cystometric evaluation of flavoxate hydro- 
chloride in normal and neurogenic bladder. J Urol 1968; 100: 729. 
Pedersen E, Bjarnason EV, Hansen P-H. The effect of flavoxate on 
neurogenic bladder dysfunction. Acta Neurol Scand 1972; 48: 487. 
Robinson JM, Brocklehurst JC. Emepronium bromide and flavoxate 
hydrochloride in the treatment of urinary incontinence associated 
with detrusor instability in elderly women. Br J Urol 1983; 55: 371. 
Chapple CR, Parkhouse H, Gardener C, Milroy EJ. Double blind, 
placebo-controlled, crossover study of flavoxate in the treatment of 
idiopathic detrusor instability. Br J Urol 1990; 66: 491. 

Chapple CR, Araño P, Bosch JL et al. Solifenacin appears effective 
and well tolerated in patients with symptomatic idiopathic detrusor 
overactivity in a placebo- and tolterodine-controlled phase 2 dose- 
finding study. BJU Int 2004; 93: 71-7. 

Cardozo L, Lisec M, Millard R et al. Randomized, double-blind 
placebo controlled trial of the once daily antimuscarinic agent 
solifenacin succinate in patients with overactive bladder. J Urol 
2004; 172: 1919-24. 

Chapple CR, Martinez-Garcia R, Selvaggi L et al. for the STAR 
study group. A comparison of the efficacy and tolerability of 
solifenacin succinate and extended release tolterodine at treating 
overactive bladder syndrome: results of the STAR trial. Eur Urol 
2005; 48: 464-70. 

Suzuki M, Ohtake A, Yoshino T et al. Effects of solifenacin succinate 
(YM905) on detrusor overactivity in conscious cerebral infarcted 
rats. Eur J Pharmacol 2005; 512: 61-6. 

Barrett D, Wein AJ. Voiding dysfunction diagnosis, classification 
and management. In: Gillenwater JY, Grayhack JT, Howards SS, 
Duckett JW, eds. Adult and Pediatric Urology, 2nd edn. St Louis: 
Mosby-Year Book, 1991: 1001-99. 

Diokno AC, Taub M. Ephedrine in treatment of urinary inconti- 
nence. Urology 1975; 5: 624. 

Awad SA, Downie JW, Kiriluta HG. Alpha-adrenergic agents in 
urinary disorders of the proximal urethra, part I: sphincteric 
incontinence. Br J Urol 1978; 50: 332. 

Bauer S. An approach to neurogenic bladder: an overview: Probl 
Urol 1994; 8: 441. 


52. 


53; 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


Tai 


74. 


Beisland HO, Fossberg E, Sander S. On incompetent urethral clo- 
sure mechanism: treatment with estriol and phenylpropanolamine. 
Scand J Urol Nephrol 1981; 60(Suppl): 67. 

Gleason D, Reilly R, Bottaccini M, Pierce MJ. The urethral continence 
zone and its relation to stress incontinence. J Urol 1974; 112: 81. 
Gilja I, Radej M, Kovacic M, Parazajders J. Conservative treatment of 
female stress incontinence with imipramine. J Urol 1984; 132: 909-11. 
Yasuda K, Yamanishi T, Homma Y et al. The effect of urapidil on 
neurogenic bladder: a placebo controlled double-blind study. J Urol 
1996; 156: 1125. 

Yamanishi T, Yasuda K, Kawabe K et al. A multicenter placebo-con- 
trolled, double-blind trial of urapidil, an o-blocker, on neurogenic 
bladder dysfunction. Eur Urol 1999; 35: 45. 

Austin PF, Homsy YL, Masel JL et al. alpha-Adrenergic blockade in 
children with neuropathic and nonneuropathic voiding dysfunc- 
tion. J Urol 1999; 162: 1064-7. 

Chancellor MB, Erhard MJ, Hirsch IH, Staas WE. Prospective eval- 
uation of terazosin for the treatment of autonomic dysreflexia. 
J Urol 1994; 151: 111-13. 

Chancellor MB, Erhard MJ, Rivas DA. Clinical effect of alpha-1 
antagonism by terazosin on external and internal urinary sphincter. 
J Am Parapleg Soc 1993; 16: 207-14. 

Lapides J, Diokno AC, Silber SJ, Lowe BS. Clean intermittent self- 
catheterization in the treatment of urinary tract disease. J Urol 
1972; 107: 7458-61. 

Maynard FM, Diokno AC. Clean intermittent catheterization for 
spinal cord injury patients. J Urol 1982; 128: 477-80. 

Cedarbaum JM, Schleifer LS. Drugs for Parkinson’s disease, spastic- 
ity, and acute muscle spasms. In: Gilman AG, Rail TW, Nies AS, 
Taylor P, eds. Goodman and Gilman’s The Pharmacological Basis of 
Therapeutics, 8th edn. New York: Pergamon, 1990: 463-84. 
Hackler RH, Broecker BH, Klein FA, Brady SM. A clinical experi- 
ence with dantrolene sodium for external urinary sphincter hyper- 
tonicity in spinal cord injured patients. J Urol 1980; 124: 78-81. 
Hacken HJ, Krucker V. Clinical and laboratory assessment of the 
efficacy of baclofen on urethral sphincter spasticity in patients with 
traumatic paraplegia. Eur Urol 1977; 3: 237-40. 

Herman RM, Wainberg MC. Clonidine inhibits vesico-sphincter 
reflexes in patients with spinal cord lesions. Arch Phys Med Rehab 
1991; 72: 539-45, 

Steers WD, Meythaler JM, Haworth C et al. Effects of acute bolus 
and chronic continuous intrathecal baclofen on genitourinary dys- 
function due to spinal cord pathology. J Urol 1992; 148: 1849-55. 
Hacken HJ. Clinical and urodynamic assessment of alpha 
adrenolytic therapy in patients with neurogenic bladder function. 
Paraplegia 1980; 18: 229. 

Caine M. The present role of alpha-adrenergic blockers in the treat- 
ment of benign prostatic hypertrophy. J Urol 1986; 136: 1. 

Lepor J, Gup DI, Baumann M, Shapiro E. Laboratory assessment of 
terazosin and alpha-1 blockade in prostatic hyperplasia. Urology 
1988; (Suppl)32: 21. 

Elbadawi A, Schenk EA. A new theory of the innervation of bladder 
musculature. Part 4: Innervation of the vesicourethral junction and 
external urethral sphincter. J Urol 1974; 111: 613. 

Awad SA, Downie JW. Sympathetic dyssynergia in the region of the 
external sphincter. A possible source of lower urinary tract obstruc- 
tion. J Urol 1977; 118: 636-40. 

Dixon JS, Gosling JA. Light and electron microscopic observation 
on noradrenergic nerves and striated muscle cells of the guinea pig 
urethra. Am J Anat 1977; 149: 121. 

Awad SA, Downie JW. Relative contributions of smooth and striated 
muscles to canine urethral pressure profile. Br J Urol 1976; 48: 347-54. 
Yalla SV, Rossier AB, Fam B. Dyssynergic vesicourethral responses 
during bladder rehabilitation in spinal cord injury patients: effects 
of suprapubic percussion, credé method and bethanechol chloride. 
J Urol 1976; 115: 575. 


Systemic and intrathecal pharmacologic treatment 


581 


7D» 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


Kaplan SA, Chancellor MB, Blaivas JG. Bladder and sphincter behav- 
ior in patients with spinal cord lesions. J Urol 1991; 46: 113-17. 
Mobley DF. Phenoxybenzamine in the management of neurogenic 
vesical dysfunction. J Urol 1976; 116: 737-8. 

Whitfield HN, Doyle PT, Mayo ME, Poopalasingham N. The effect 
of adrenergic blocking drugs on outflow resistance. Br J Urol 1976; 
47: 823-7. 

Awad SA, Downie JW, Lywood DW et al. Sympathetic activity in the 
proximal urethra in patients with urinary obstruction. J Urol 1976; 
115: 545-547. 

Olsson AT, Swanberg E, Svedinger L. Effects of beta adrenoceptor 
agonists on airway smooth muscle and on slow contracting skeletal 
muscle: in vitro and in vivo results compared. Acta Pharmacol 
Toxicol 1979; 44: 272. 

McGuire EJ, Wagner F, Weiss RM. Treatment of autonomic dysre- 
flexia with phenoxybenzamine. J Urol 1976; 115: 53-5. 

Rossier AB, Fam BA, Lee IY et al. Role of striated and smooth mus- 
cle components in the urethral pressure profile in the traumatic 
neurogenic bladder: a neuropharmacological and urodynamic 
study. Preliminary report. J Urol 1982; 128: 529-35. 

Bennett JK, Foote J, El-Leithy TR et al. Terazosin for vesicosphinc- 
ter dyssynergia in spinal cord-injured male patients. Mol Urol 2000; 
4: 415-20. 

Sizemore GW, Winternitz WW Autonomic hyper-reflexia- 
suppression with alpha-adrenergic blocking agents. N Engl J Med 
1970; 282: 795. 

Scott MB, Morrow JW. Phenoxybenzamine in neurogenic bladder 
dysfunction after spinal cord injury. II. Autonomic dysreflexia. 
J Urol 1978; 119: 483-4. 

Chancellor MB, Karasick S, Erhard MJ et al. Intraurethral wire 
mesh prosthesis placement in the external urinary sphincter of 
spinal cord injured men. Radiology 1993; 187: 551. 

Bloom FE. Neurohumoral transmission and the central nervous 
system. In: Gilman AG, Rail TW, Nies AS, Taylor P, eds. Goodman 
and Gilman’s The Pharmacological Basis of Therapeutics, 8th edn. 
New York: Pergamon, 1990: 244-68. 

Leyson JFJ, Martin BE, Sporer A. Baclofen in the treatment of detru- 
sor-sphincter dyssynergia in spinal cord injury patients. J Urol 
1980; 124: 82-4. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


Florante J, Leyson J, Martin F, Sporer A. Baclofen in the treatment 
of detrusor-sphincter dyssynergia in spinal cord injury patients. 
J Urol 1980; 124: 82-4. 

Roy CW, Wakefield IR. Baclofen pseudopsychosis: case report. 
Paraplegia 1986; 24: 318. 

Rivas DA, Chancellor MB, Hill K, Friedman M. Neurologic mani- 
festations of baclofen withdrawal. J Urol 1993; 150: 1903-5. 
Kilicarslan H, Ayan S, Vuruskan H, Gokce G, Gultekin EY. 
Treatment of detrusor sphincter dyssynergia with baclofen and 
doxazosin. Int Urol Nephrol 2006; 38: 537-41. 

Davidoff RA. Antispasticity drugs: mechanisms of action. Ann 
Neurol 1985; 17: 107. 

Lader M. Clinical pharmacology of benzodiazepines. Ann Rev Med 
1987; 38: 19. 

Gosling JA, Dixon JS, Critchley HOD et al. A comparative study of 
the human external sphincter and periurethral levator ani muscles. 
Br J Urol 1981; 153: 35. 

Harris JD, Benson GS. Effect of dantrolene on canine bladder con- 
tractility. Urology 1980; 16: 229. 

Ward A, Chaffman MO, Sorkin EM. Dantrolene. A review of its 
pharmacodynamic and pharmacokinetic properties and therapeu- 
tic use in malignant hyperthermia, the neuroleptic syndrome and 
an update of its use in muscle spasticity. Drugs 1986; 32: 130. 
McGuire EJ, Woodside JR, Borden TA, Weiss RM. The prognostic 
significance of urodynamic testing in myelodysplastic patients. 
J Urol 1981; 126: 205-9. 

Nanninga JB, Frost F, Penn R. Effect of intrathecal baclofen on 
bladder and sphincter function. J Urol 1989; 142: 101-5. 

Talalla A, Grundy D, Macdonell R. The effect of intrathecal 
baclofen on the lower urinary tract in paraplegia. Paraplegia 1990; 
8: 420-7. 

Steers WD, Meythaler JM, Haworth C, Herrell D, Park TS. Effects 
of acute bolus and chronic continuous intrathecal baclofen on 
genitourinary dysfunction due to spinal cord pathology. J Urol 
1992; 148(6): 1849-55. 

Mertens P, Parise M, Garcia-Larrea L et al. Long-term clinical, elec- 
trophysiological and urodynamic effects of chronic intrathecal 
baclofen infusion for treatment of spinal spasticity. Acta Neurochir 
Suppl 1995; 64: 17-25. 


49 


Intravesical pharmacologic treatment for 
neurogenic detrusor overactivity 


Brigitte Schurch 


Summary 


Overactive bladder and urgency are common conditions 
generally treated with oral anticholinergic medication. 
Despite the development of new antimuscarinergic sub- 
stances, many patients are refractory to or cannot tolerate 
the oral therapy due to severe side-effects. Intravesical 
instillation therapy can provide an alternative method 
to manage detrusor overactivity. However, the use of 
intravesical drugs is limited due to short-term efficacy and 
the need of daily intermittent catheterization. Sustained- 
retention drug delivery systems and liposomes are under 
development to provide less cumbersome treatment meth- 
ods. Intravesical capsaicin and resiniferatoxin affect the 
afferent C-fiber innervation of the bladder, leading to a 
decrease in detrusor overactivity and also an increased 
bladder capacity. Botulinum toxin type A injections into 
the detrusor have been shown to increase bladder capacity 
and to decrease detrusor overactivity for a mean duration 
of 9 months. 


Introduction 


Overactive bladder (OAB) with or without detrusor over- 
activity is most commonly treated with oral anticholiner- 
gic drugs. However, their relatively frequent side-effects 
such as dry mouth, constipation, accommodation distur- 
bances, and dizziness, and their limited efficacy, restrict 
their use to a minority of patients. In a review, Chui et al 
demonstrated that only 20% of the patients are still under 
anticholinergic drugs after 12 months, despite the intro- 
duction of new selective M; antagonists and slow-release 
forms.' Even if the compliance to the treatment is better in 
neurogenic patients, tolerance is poor, particularly because 
of dry mouth and severe constipation. Intravesical therapy 
represents a valuable option for patients resistant or intol- 
erant to oral anticholinergic therapy. In this chapter I will 


give an overview of the substances currently used for 
intravesical treatment of detrusor overactivity and their 
efficacy and limits. 


Intravesical oxybutynin, 
lidocaine, nociceptin/ 
orphanin FQ, and atropine 


Oxybutynin is a tertiary amine that combines antimus- 
carinergic, spasmolytic, and local anesthetic effects. Since 
the first use of the intravesical application by Brendler 
et al,” there have been over a hundred peer review articles 
reporting successes of intravesical oxybutynin to treat OAB 
and detrusor hyperreflexia. The main findings were, at 
least at short-term follow-up, an improvement in OAB 
symptoms, including a decreased number of incontinence 
episodes, an increase in maximum bladder capacity, and a 
decrease of the detrusor overactivity in the urodynamic 
recordings. Side-effects were observed less frequently com- 
pared to oral administration. Despite the assumption that 
intravesical oxybutynin only acts on the urothelium, and 
therefore causes fewer and less severe side-effects, pharma- 
cologic studies have shown that the effect of intravesical 
oxybutynin is mainly related to its systemic absorption.’ 
After intravesical oxybutynin application, concentrations 
100 times higher than after oral administration have been 
found in the serum, although the patients suffered from 
fewer side-effects. The reason for this is related to a differ- 
ence in metabolism of the substance. The majority of the 
side-effects, especially on the salivary gland, are produced 
by the oxybutynin metabolite desethyloxybutynin, which is 
produced not only by first-pass metabolism in the liver but 
also by direct cytochrome P450 metabolism in the gut 
wall.’ By intravesical application, first-pass metabolism in 
the liver and gut wall metabolism are proportionally 
reduced and a reduced ratio of metabolite to parent 
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compound is subsequently found in the systemic circula- 
tion.* This means one can achieve greater efficacy on the 
bladder with fewer side-effects, especially dry mouth. 
Beside its action on the efferent parasympathetic innerva- 
tion of the detrusor, there is increasing evidence that 
oxybutynin administrated intravesically also has a local 
anesthetic effect on the C-fibers.” Accordingly, the effect of 
intravesical oxybutynin on detrusor overactivity is attrib- 
uted today to its dual effect on the afferent as well as the 
efferent nerve endings in the detrusor. There is currently 
no standard instillation protocol concerning the use of 
intravesical oxybutynin for OAB. The doses vary between 5 
and 30 mg, diluted in 30—40 ml saline.** In addition, the 
instillation frequency is not standardized and varies 
between 1 and 3 times/day. 

The intravesical application of lidocaine to treat OAB is 
not well documented — there are only three published stud- 
ies. A randomized, but not placebo-controlled, study on 
the effect of intravesical lidocaine for treating detrusor 
overactivity was reported by Enzelsberger et al.? The main 
clinical findings were a reduced desire to void, diminution 
of the symptoms of detrusor overactivity, and a reduction 
in urinary incontinence. In 50% of the patients the detru- 
sor overactivity disappeared on the urodynamic tracings. 
The maximum bladder capacity increased by about 41% 
after a 15 minute instillation of 20 ml lidocaine 4%. No 
side-effects were observed. 

Lazzeri et al recently studied the feasibility, safety, and 
efficacy of the daily intravesical instillation of 1 mg of the 
endogenous peptide nociceptin/orphanin FQ (N/OFQ) ina 
selected group of patients who performed clean intermit- 
tent catheterization for neurogenic detrusor overactivity 
(NDO).!° N/OFQ, where F and Q represent the first and last 
amino acids, respectively, phenylalanine (F) and glutamine 
(Q), is a heptadecapeptide that exerts several physiologic 
actions at both the central and the peripheral level by 
activating a specific G-protein-coupled receptor called the 
nociceptin orphan peptide (NOP) receptor. Among the var- 
ious actions elicited by N/OFQ, such as antinociceptive 
effects, stimulation of food intake, inhibition of anxiety, 
bradycardia, and hypotension, animal studies have demon- 
strated that it exerts a robust inhibitory effect on the mic- 
turition reflex in the rat.'' A total of 18 patients with NDO 
and incontinence on clean intermittent catheterization 
were prospectively randomized to receive 1 mg N/OFQ in 
10 ml saline or placebo (saline) at the first catheterization 
for 10 days. Mean daily urine leakage episodes significantly 
decreased from 2.18 at baseline to 0.94 during N/OFQ 
treatment, while no significant changes were reported in the 
placebo group. The total mean voiding diary bladder capac- 
ity significantly increased in patients receiving N/OFQ, 
while it remained unchanged in patients receiving placebo. 
The urodynamic parameters recorded during the study 
showed an increase in cystometric capacity and a decrease 
in maximum bladder pressure compared to baseline only in 


patients assigned to the N/OFQ group. These findings 
support the use of N/OFQ peptide receptor agonist as an 
innovative approach for controling neurogenic detrusor 
overactivity incontinence. 

Fader et al”? tested the efficacy and side-effect profiles of 
intravesical atropine compared to oxybutynin immediate 
release (IR) when used by individuals with multiple sclero- 
sis. They performed a study to determine the most effective 
dose of atropine. Eight participants used increasing doses 
of intravesical atropine (2 to 6 mg in 20 ml Nacl 0.9%) 
during a 12-day period. Bladder diary data showed that 
the instillation of 6 mg atropine 4 times daily was most 
effective for increasing bladder capacity (voided/catheter 
volumes). Afterwards they performed a randomized, 
double-blind crossover trial. Participants received 14 days 
of treatment with oral oxybutynin IR 5 mg twice daily 
(range 2.5 twice to 5 mg 4 times daily) or with intravesical 
atropine, followed by 14 days of alternative treatment. 
Participants recorded a bladder diary and rated side-effects 
and quality of life. The primary outcome variable was blad- 
der capacity. A total of 57 participants with multiple scle- 
rosis completed the study. Average change in bladder 
capacity was higher in the atropine arm. The mean change 
in bladder capacity was 55.5 + 67.2 ml with oxybutynin, the 
mean change with atropine was 79.6 + 89.6 ml, and the 
mean difference between the arms was 24.1 ml (p= 0.053). 
Changes in incontinence events and voiding frequency 
were not statistically different between the arms. Changes 
in total side-effect and dry mouth scores were significantly 
better in the atropine treatment arm. These findings sug- 
gest that intravesical atropine is as effective as oxybutynin 
IR for increasing bladder capacity, and that it is probably 
better with fewer antimuscarinic side-effects. 


Vanilloids 


The vanilloids capsaicin (CAP) and resiniferatoxin (RTX) 
activate nociceptive sensory nerves through binding to an 
ion channel discovered by Caterina and associates and 
known as vanilloid receptor subtype 1 (VR1).” This recep- 
tor is a nonselective cation channel and is activated by 
increasing temperature within the noxious range and by 
protons, suggesting that it functions as a transducer of 
painful thermal stimuli and acidity in vivo. When activated, 
the channel opens, allowing an influx of calcium and 
sodium ions that depolarize the nociceptive afferent termi- 
nals, initiating a nerve impulse that travels through the 
dorsal root ganglion into the central nervous system. 
Noxious temperature uses the same elements, which 
explains why the mouth feels hot when eating chili pep- 
pers.'* Previously called the capsaicin receptor, VR1 has 
been localized in the spinal cord, dorsal root ganglia, and 
visceral organs including bladder, urethra, and colon. 
Activation of VR1 results in spike-like currents,!> that 
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selectively excite and subsequently desensitize C-fibers. 
Capsaicin desensitization is defined as a long-lasting, 
reversible suppression of sensory neuron activity.'° How 
fast and for how long the desensitization develops is related 
to the dose and time of exposure to capsaicin and the inter- 
val between consecutive doses.'”!® The transient increase 
in intracellular concentration of calcium ions also leads to 
activation of intracellular enzymes, peptide transmitter 
release, and neuronal degeneration. 

The rationale for intravesical instillation of vanilloids in 
urology is based on the underlying involvement of C-fibers 
in pathogenic conditions such as hypersensitive and hyper- 
reflexic bladder. In the healthy human bladder, C-fibers 
carry the response to noxious stimuli but they are not 
implicated in the normal voiding reflex. After spinal cord 
injury, major neuroplasticity appears within bladder affer- 
ents in several mammalian species, including man. C-fiber 
bladder afferents proliferate within the urothelium and 
become sensitive to bladder distention. These changes lead 
to the emergence of a new C-fiber-mediated voiding reflex, 
which is strongly involved in detrusor hyperreflexia.'? The 
ability to improve detrusor hyperreflexia by chemical 
defunctionalization of C-fibers in bladder afferents with 
intravesical vanilloids has been widely demonstrated in 
humans and animals. 

Since the first report of Fowler et al,” several clinical 
studies, including one placebo controlled-trial,*! have 
shown that a single instillation of a 100 ml solution of 1 
nM CAP diluted in 30% ethanol is beneficial for clinical 
and urodynamic symptoms due to hyperactive bladder in 
spinal cord injured patients.*!4 The clinical benefit lasts 
about 6 months. Unfortunately, such intravesical CAP 
administration is limited by poor immediate tolerability 
and is responsible for quasi-systematic transitory side- 
effects (suprapubic pain, worsening detrusor hyperreflexia, 
and hematuria). The alcoholic solvent may be a major fac- 
tor in the poor tolerability of alcoholic CAP instillation, as 
suggested by the result of one placebo-controlled study 
showing that side-effects appeared to be the same after 
intravesical instillation of CAP diluted in 30% ethanol as 
after instillation of ethanol alone.” 

RIX is a sensory antagonist approximately a thousand 
times more potent than capsaicin. Although RTX mimics 
most capsaicin actions it has also a unique pharmocologic 
effect,” such as the desensitization without prior excitation 
of the pulmonary chemoreflex pathways.*° RTX induces 
slowly activating, persistent currents in dorsal root gan- 
glion neurons as measured under patch clamp condi- 
tions.'>’”8 These sustained currents prefer desensitization 
to excitation (the change in membrane potential is not suf- 
ficient to cause action potential formation, although the 
rising intracellular calcium level can activate biochemical 
pathways leading to desensitization) which is in accord 
with the general pharmacologic profile of RTX. Cruz and 
associates”? instilled 50-100 nM RTX, dissolved in 100 ml 


solution of 10% alcohol, for 30 minutes in 7 neurologically 
impaired patients with detrusor hyperreflexia. The only 
symptoms were itching or mild discomfort evoked in 4 
patients during the first minutes of treatment. In 5 of the 7 
patients, urinary frequency decreased by 33 to 58%, and 
this effect was detected as soon as the first day after treat- 
ment. Three patients, who prior to treatment were incon- 
tinent, became dry most days following treatment. 
Improvement was sustained for up to 3 months. Four 
patients had urodynamic improvement with a rise in max- 
imum cystometric capacity increasing from 50 to 900% of 
pretreatment measures. Lazzeri and colleagues” reported 
using intravesical RTX (10 nM) in 8 normal patients and 7 
patients with OABs. In normal subjects, RTX did not 
decrease the volume required to elicit the first desire to 
void and did not produce warm or burning sensations at 
the suprapubic or urethral level during infusion. However, 
in patients with OAB the mean capacity increased from 
175 + 36 ml to 281 + 93 ml (p < 0.01) immediately after 
instillation, but was not significantly increased after 4 
weeks (217 + 87 ml). RTX has also been reported to be 
helpful in patients who did not improve after capsaicin. 
Lazzeri et al’! presented data on 7 SCI patients with detru- 
sor hyperreflexia treated with RTX. These patients were 
reported to have failed intravesical capsaicin therapy. All 7 
patients received 30 ml of 10 nM RTX for 30 minutes. 
Fifteen days after RTX, mean cystometric capacity signifi- 
cantly increased from 188 + 21 ml to 399 + 120 ml (p< 
0.01), and remained increased 4 weeks later (402 + 71 ml, 
p<0.01). 

Groups comparing RTX in saline or 10% ethanol with 
CAP in 30% ethanol found better tolerability of RTX.” 
The difference in tolerability of the two vanilloids (CAP vs 
RTX) was usually attributed to the differential pungency of 
the two agents. Nevertheless, because we know the role of 
the solvent in the irritative effect on bladder mucosa, it is 
reasonable to assume that differential effects could be 
related to the use of different vectors. From a technical 
point of view, the choice of the solvent is limited because of 
the poor hydrosolubility of CAP, imposing the use of an 
alcoholic, lipidic, or glucidic vector. The safety of the 
lipidic solution could be imperfect because of the difficulty 
of completely eliminating it from the bladder. On the con- 
trary, a glucidic solution may represent a safe and valuable 
alternative to the alcoholic vector.** de Seze et al compared 
the efficacy and tolerability of intravesical instillations of 
CAP and RTX using a glucidic solvent for CAP and the 
10% ethanol solvent for RTX in a controlled, randomized, 
double-blind study in patients with severe urinary inconti- 
nence due to spinal cord injury.’ On day 30, clinical and 
urodynamic improvement was found in 78% and 83%, 
respectively, of patients treated with CAP vs 80% and 60% 
of patients treated with RTX. No significant difference 
between the two groups was observed. The benefit 
remained in two-thirds of both groups on day 90. There 
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were no differences in regard to incidence, nature, or dura- 
tion of side-effects in CAP vs RTX treated patients. These 
results once more strongly argue for the importance of 
accounting the role of vanilloid solute when interpreting 
efficacy and tolerance of vesical vanilloid instillation in 
detrusor hyperreflexia cases. They suggest that a glucidic 
solution is a valuable solvent for CAP instillation.” 

The long-term safety of vanilloid agents, particularly 
concerning mutagenic and carcinogenic effects on the 
bladder wall, is not perfectly known. The use of CAP in 
ethanol solvent seems not to cause morphologic changes in 
the bladder urothelium in patients receiving repeat instilla- 
tion for as long as 5 years. To our knowledge, the long-term 
safety of RTX remains unproven. Furthermore, RTX 
belongs to the family of tumor-promoting phorbol esters, 
strengthening the need to ensure the safety of RTX before 
extending its therapeutic applications. 


Sustained bladder drug 
delivery and liposomes 


Sustained intravesical delivery of drugs can ensure the con- 
tinuous presence of a constant level of the drug in the blad- 
der without the need for intermittent catheterization. It is 
also plausible to expect increased efficacy with increased 
duration of direct contact between the drug and the abnor- 
mal urothelium.** 

A simple and sensible approach for sustained intravesi- 
cal drug delivery is prolonged infusion into the bladder. 
This technique has often been applied to achieve slow and 
sustained release of drugs inside the bladder. Prolonged 
instillation of RTX was demonstrated as a feasible proce- 
dure for treating interstitial cystitis.” RTX was infused 
through a suprapubic 5 F mono-pigtail catheter for 10 days 
at a flow rate of 25 ml/h with the help of an infusion pump. 
Patients were evaluated 30 days after the end of infusion 
and after 3 months. A 30% decrease in frequency and a 
three-fold reduction in nocturia was observed, with a sig- 
nificant reduction in pelvic pain for at least 6 months after 
the end of infusion. 

Formation of a drug depot inside the bladder appears to 
be an attractive option over prolonged infusion. Aqueous 
solutions of polyethylene glycol-B-[Dilactic acid-co- 
glycolic acid]-B-ethylene glycol (PEG-PLGA-PEG) triblock 
copolymers form a free-flowing solution at room temper- 
ature and become a viscous gel at a body temperature of 
37°C.** The triblock copolymer was used for sustaining the 
residence time of hydrophobic drugs in rat bladder after its 
instillation at room temperature. Rats were instilled with 
either a 0.02% solution of fluorescein isothiocyanate (FITC) 
or the same amount of FITC in a 30% dispersion of ther- 
mosensitive [poly(ethylene glycol)-poly|lactic acid-co- 
glycolic acid]-poly(ethylene glycol)] (PEG-PLGA-PEG) 


polymer in a 0.1 M phosphate buffer. After instillation, 
rats were kept in metabolic cages for urine collection. 
Fluorescence emanating from FITC was measured in the 
urine at various time points up to 24 hours after instillation. 

In addition, a rat model of cyclophosphamide-induced 
cystitis was chosen for the efficacy study using misopros- 
tol as a model drug entrapped in the thermosensitive 
hydrogel in place of FITC. Efficacy of the hydrogel con- 
taining misoprostol was compared against rat groups 
instilled with saline, hydrogel, and misoprostol indepen- 
dently. Prolonged drug exposure to the bladder afforded by 
hydrogel was evident from the time course of FITC elimi- 
nation in the urine and by the green fluorescence of FITC 
seen at the bladder surface when isolated 24 hours after 
instillation. Rats instilled with free FITC voided almost all 
of the fluorescence in the urine within the first 8 hours, 
whereas rats instilled with hydrogel-encapsulated FITC 
showed sustained release up to 24 hours after instillation. 
Rats with cyclophosphamide-induced cystitis and which 
were instilled with misoprostol, a synthetic PGE, analog, 
showed significantly reduced frequency of urine voiding as 
compared to the control group instilled with saline.*® 
Accordingly, this study showed that the PEG-PLGA-PEG 
polymer could be used as a viable sustained drug delivery 
system for intravesical therapy 

Liposomes were first studied in England in 1961 by 
Bangham,” and, since then, they have become a versatile 
tool of study in biology, biochemistry, and medicine. 
Liposomes are artificial spherical vesicles consisting of an 
aqueous core enclosed in one or more phospholipid layers; 
they are used as drug carriers and are loaded with a great 
variety of molecules such as small drug molecules, pro- 
teins, nucleotides, and even plasmids.*! Previously, lipo- 
somes were shown to improve the aqueous solubility of 
hydrophobic drugs such as paclitaxel (Taxol) and ampho- 
tericin. A report discussed the use of liposomes as vehicles 
for capsaicin and evaluated their potential as a vehicle for 
intravesical delivery in rats.“ Liposomes were able to 
deliver capsaicin with an efficacy similar to that of ethano- 
lic saline, but toxicity to the bladder was drastically 
reduced. For more information on sustained drug delivery 
systems and liposomes see also Giannatonni et al*® and 
Tyagi et al.°?* 


Botulinum toxin 


Botulinum toxin is the strongest naturally occurring lethal 
neurotoxin known. It is produced by the anerobic, rod- 
shaped gram-positive bacteria Clostridium botulinum. 
Botulinum toxin binds rapidly and tightly to the intramus- 
cular nerve terminals and causes a prolonged local effect 
when injected directly into a muscle. It causes flaccid paral- 
ysis in the skeletal muscle by blocking the presynaptic acetyl- 
choline release. There are seven distinct but structurally 
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similar types of botulinum toxin, namely A, B, C, D, E, F, 
and G.“ Of these, types A and B have been used widely 
with a beneficial clinical effect in many neuromuscular dis- 
orders.**“8 After intramuscular injection the heavy chain 
binds to the presynaptic motor terminal and enters the cell 
by endocytosis. The disulfide bond linking the two botu- 
linum toxin chains (heavy chain and light chain) is broken, 
and the light chain is translocated out of the endocytotic 
vesicle into the cytoplasm. The process of exocytosis of 
acetylcholine is complicated, requiring the participation of 
several proteins, and each serotype of the toxin works by 
enzymatic cleavage of one or more of these proteins. Types 
A, C, and E cleave the 25 kD synaptosomal associated pro- 
tein SNAP-25, types B, D, F, and G cleave a synaptobrevin 
vesicle associated membrane protein, and type C cleaves 
syntaxin (see Table 49.1). In smooth muscle, botulinum 
toxin has been proved to trigger the release of nitric oxide 
that diffuses out of the endothelial cell into smooth mus- 
cle, causing the relaxation.” 

Treatment of human detrusor overactivity (DO) with 
intradetrusor injections of botulinum toxin type A 
(BoNT/A) was introduced on the basis that it would block 
presynaptic release of acetylcholine, similar to its mecha- 
nism of action in skeletal muscle.*”°! The hypothesis of the 
trial was based on the study of Dickson and Shevky, sug- 
gesting that parasympathetic action may be blocked by 
BoNT/A.* Disorders of the parasympathetic autonomic 
nervous system such as achalasia and hyperhydrosis have 
been successfully treated with BoNT/A injections.” A 
marked loss of contraction in a rat bladder after acute bot- 
ulinum poisoning, with a decrease in acetylcholine release 
on motor nerve stimulation, was observed by Carpenter. 

However, there is increasing evidence that BoNT/A may 
also affect sensory nerve fibers and afferent signaling mecha- 
nisms that have an important role in the pathophysiology of 
DO. Studies on guinea pig” and ratř® bladder strips have 
shown that BoNT/A is able to impair both acetylcholine and 
ATP release from urothelium. Moreover, BoNT/A has been 
shown to inhibit efferent nerve mediated bladder contraction, 
presumably by blocking neurotransmitter release from 
peripheral afferent nerve terminals.” These bladder afferent 
neurons have several types of receptors, namely vanilloids, 
purinergic (P2X), neurokinins, and receptors for nerve 
growth factor (NGF). An immunohistochemical study 
focused on the effect of BoNT/A on human bladder afferent 
mechanisms by studying the sensory receptors P2X3 and 
TRPVI1. The density of P2X3-immunoreactive and TRPV1- 
immunoreactive fibers was decreased significantly after botu- 
linum toxin injection, and it was argued that decreased levels 
of sensory receptors P2X3 and/or TRPV1 may contribute to 
the clinical effect of the toxin in detrusor overactivity.” In 
support of a possible BoNT/A-induced phenotypic change of 
bladder afferents, levels of neurotrophic growth factor (NGF) 
in bladders of patients with NDO were reported to be reduced 
significantly after BoNT/A treatment.” 


Intracellular substrates for different types of 
botulinum toxins (BTXs) 


BTX serotype Substrate 

BTX-A SNAP-25 

BTX-B VAMP/synaptobrevin 

BTX-C Synataxin 

BTX-D VAMP/synaptobrevin/cellubrevin 
BTX-E SNAP-25 

BTX-F VAMP/synaptobrevin/cellubrevin 
BTX-G Unknown 


SNAP-25, synaptosal associated protein 25; VAMP, vesicle associated 
membrane protein. 


The effect of injecting BoNT/A into the human detrusor 
muscle in spinal cord injured patients was first reported by 
our group in a nonrandomized prospective study.°°°' The 
patients with spinal cord injury selected for this first clini- 
cal study had severe NDO and suffered from incontinence 
resistant to anticholinergic drugs. One of the main inclu- 
sion criteria was that patients had to be able to perform 
intermittent self-catheterization, as it was the voiding 
method after treatment. Patients with low bladder compli- 
ance due to organic detrusor muscle changes or fibrosis 
were excluded. Using a rigid cystoscope, 200—400 units of 
BoNT/A (Botox®, Allergan, Irvine, CA) were injected into 
the detrusor muscle, sparing the trigone (see Figures 49.1 
and 49.2). The reason for sparing the trigone was to avoid 
a vesicorenal reflux and, at the time of the conducted study, 
the lack of knowledge about the effect of BoNT/A on the 
adrenergic nerves and on the release of nociceptive neuro- 
peptides. In total, 19 of the 21 treated patients could be reg- 
ularly observed over a period of 9 months by clinical and 
urodynamic checks. Six weeks’ follow-up after injection 
showed a significant increase in the reflex volume and in 
the maximum cystometric bladder capacity. There was also 
a significant decrease in the maximum detrusor voiding 
pressure. At the 36-week follow-up, ongoing improvement 
was evident. The amount of anticholinergics could be 
reduced or even completely abolished. Continence was 
restored in all but two patients and patient satisfaction was 
high. The European group increased the study sample to 
200 patients, with the same result profile.’ 

A more recent multicenter, randomized, placebo- 
controlled 24-week study examining the effect of two 
different doses of BoNT/A (200 and 300 units Botox®, 
Allergan, Irvine, CA) injected into the detrusor to treat 
NDO has confirmed the efficacy and safety of this treat- 
ment.” Out of the recruited 59 patients, 57 completed the 
study. The mean reduction in urinary incontinence (UI) 
was about 50% at all post-treatment time points in the 
BoNT/A groups, and zero in the placebo group (p < 0.05). 
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Figure 49.1 
Flexible injection needle for detrusor muscle injection (Storz®, 
French scale 8, length: 50 cm). 


Overall, 29 patients (49.2%) reported no UI episodes for at 
least one week in the post-treatment period, of whom 24 
(82.8%) were in the BoNT/A treatment group. Significant 
changes in key urodynamic parameters compared to base- 
line were observed in each BoNT/A group at all time points 
after treatment, which was not the case for the placebo 
group (p < 0.05). There were robust improvements in the 
mean change from baseline in incontinence-quality of life 
(I-QOL) total scores in patients treated with BoNT/A at all 
post-treatment time points (p < 0.002), which were main- 
tained throughout the 24 study weeks. Treatment with 200 
units appeared to work as well as 300 units, regarding all 
outcome parameters (clinical and urodynamic). However, 
no definitive conclusion can be drawn regarding the best 
dose to be used for NDO as the study was not powered to 
compare 200 and 300 units. Moreover, differences between 
the two doses might have been seen if the study had been 
extended to 36 weeks. 

Recently, Patki et al reported on the first prospective assess- 
ment of intradetrusor injection of the English toxin type A as 
a treatment of drug-resistant NDO in spinal cord injury 
patients.°! One thousand units of Dysport® (Ipsen Ltd, 
Berkshire, UK) were cystoscopically injected (30 injection 
sites) into the detrusor in 37 patients with drug-resistant NDO 
as a day case procedure. Maximum cystometric capacity 
(MCC), maximum detrusor pressure (MDP), continence, 
and anticholinergic requirements were used as outcome 
parameters. An International Consultation on Incontinence 
Questionaire (ICIQ) questionnaire was used to assess quality 
of life pre- and postinjection. The mean follow-up was 7 
months. MCC increased from a mean of 259 ml to 521.5 ml. 
MDP decreased from a mean of 54.3 to 24.4 cmH,O. 
Incontinence and NDO were abolished in 82% and 76% of the 
patients, respectively. Eighty-six percent of the patients were 
able to stop or reduce anticholinergics, with a similar number 


Figure 49.2 
Detrusor mapping. 


of patients scoring favorably on ICIQ. The mean period of 
improvement was 9 months. Acceptable failure rates with 24% 
persistence of NDO and 18% persistence of incontinence were 
observed. Other groups have also reported a positive effect of 
BoNT/A injection into the detrusor to treat NDO.*?*” 
About 10% of children with myelomeningocele (MMC) 
and NDO are nonresponders to anticholinergic medication 
and/or suffer from side-effects from anticholinergic drugs, 
even if administered intravesically.® There is increasing 
evidence that botulinum toxin is a new, highly effective 
second-line treatment for MMC children with NDO. Only 
four prospective studies have evaluated the efficacy of 
BoNT/A injection in the pediatric neurogenic population 
and NDO. Schulte-Baukloh and colleagues injected 20 chil- 
dren with NDO and MMC with 12 U/kg (maximum 300 U) 
Botox® (Allergan, Irvine, CA). Urodynamic follow-up at 
2 and 4 weeks following treatment revealed significant 
increases in mean maximum bladder capacity (35% 
increase) as well as significant decreases in maximum 
detrusor pressure (41% decrease).°”? However, while 
significant increases in maximum bladder capacity were 
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demonstrated up to 6 months after treatment, no signifi- 
cant difference in maximum detrusor pressure was seen at 
3- and 6-month follow-up. A more recent pediatric study 
with longer follow-up in 15 patients (mean age 5.8 years) 
supported earlier studies by demonstrating an increase in 
maximal bladder capacity of 118% (p < 0.001) and a 46% 
decrease in mean maximal detrusor pressure (p < 0.001) 
following BoNT/A injection.” Corcos et al evaluated 20 
children with MMC and NDO.” The results showed a 
somewhat less convincing effect than the one from Schulte- 
Baukloh®’ and Ricabonna.’! The lower dose they used 
might be a reason for this lower efficacy. The clinical effects 
of BoNT/A in MMC children with NDO lasted on average 
6-10.5 months, and were similar after repeated injection.” 
None of these studies reported side-effects related to the 
toxin or to the injection procedure. 

The preliminary results of these prospective studies on 
NDO are overwhelming, especially considering the fact 
that, in all these studies, the included patients were difficult 
cases for conservative treatment. This treatment option 
seems to establish its indication in cases where anticholin- 
ergic medication fails or is intolerable and self-intermittent 
catheterization can be performed by the patient. This new 
therapeutic approach also appears to be a valuable alterna- 
tive to surgery. 

For patients suffering from NDO and incontinence who 
have preserved some normal voiding function and do not 
want to catheterize, such as multiple sclerosis patients or 
very incomplete spinal cord injury patients, combined injec- 
tion into the detrusor and into the external sphincter has 
been emphasized.” In our experience in 20 multiple sclero- 
sis patients suffering from NDO and incontinence who did 
not want to catheterize, a reduction of the dose to 100 units 
improved NDO and incontinence without increasing residual 
volume, as long as the patients did not have major detrusor- 
sphincter dyssynergia and high residual volume before treat- 
ment. Randomized controlled studies or studies aiming to 
compare the two techniques are required to define which is 
the best technique for this population. 


Conclusion 


Intravesical therapy represents a valuable alternative 
for patients suffering from NDO who are resistant or intol- 
erant to oral anticholinergic drugs. Substances of a short 
working duration, such as oxybutynin, lidocaine, and 
N/OFQ, have the major drawback of requiring intermittent 
self-catheterization at least 1—4 times a day according to the 
substance use. Sustained bladder drug delivery and lipo- 
somes might solve the problem of intermittent catheteriza- 
tion in the future, however these techniques are still in the 
experimental testing phase. Vanilloid substances might 
improve NDO and incontinence without increasing residual 
volume. Unfortunately intravesical CAP administration is 


limited by poor immediate tolerability; this might be over- 
come by replacing the usual solvent, ethanol, by a 
glucidic solution. RTX is 1000 times more potent than 
capsaicin with a reduced purgutive effect. Unfortunately, 
dosage studies have been cancelled due to the instability of 
the substance in the recipient. Moreover, the long-term 
safety of vanilloid agents, particularly relating to mutagenic 
and carcinogenic effects on the bladder wall, is not yet fully 
established. The use of ethanolic CAP seems not to cause 
morphologic changes in the bladder urothelium in patients 
receiving repeated instillations for as long as 5 years. To our 
knowledge, the long-term safety of RTX remains unproven. 
Furthermore, RTX belongs to the family of tumor-promoting 
phorbol esters, strengthening the need to ensure the safety of 
RTX before extending its therapeutic applications. The effi- 
ciency of botulinum toxin in the treatment of neurogenic 
bladder has been demonstrated in evidence-based medicine 
level 1 and 2 studies. Using the standard technique and a dose 
of 300 units Botox”, the patients have to catheterize themselves 
to empty their bladder. This might be a problem if most of the 
normal voiding function is still present, as in multiple sclero- 
sis patients. Even with good hand function the patients will 
tend to refuse the treatment. It is possible that changing the 
technique to injecting the detrusor together with the external 
urethral sphincter, or reducing the dose to 100 units Botox’, 
will achieve equally good results, without increasing the resid- 
ual volume and without the necessity to catheterize. More 
studies are necessary to clarify this point. 
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Transdermal oxybutynin administration 


G Willy Davila 


Introduction 


Overactive bladder (OAB) is a chronic condition charac- 
terized by symptoms of urinary urgency, frequency, and 
nocturia, with or without urge incontinence, caused by 
involuntary contractions of the detrusor smooth muscle 
during bladder filling. It it estimated to affect approxi- 
mately 34 million individuals in the United States, mostly 
women, and can have a markedly negative impact on qual- 
ity of life. Long-term therapy for OAB is generally required 
to maintain symptomatic relief. Bladder training and other 
nonpharmacologic interventions may be effective in many 
cases, but lack of patient motivation and poor compliance 
restrict the long-term effectiveness of these approaches. ™? 
The mainstay of treatment for OAB is therefore pharmaco- 
logic therapy with antimuscarinic drugs. Unfortunately, 
they are limited in their clinical utility because of their 
propensity to induce dose-limiting side-effects, such as 
dry mouth, constipation, and sedation, thereby reducing 
patient compliance. 

Oxybutynin, the primary antimuscarinic drug used to 
treat the symptoms of OAB, has been available for oral 
administration for more than 25 years. Although other 
drugs have now reached the market, oxybutynin remains a 
favorable treatment option. 

The mechanism of action of oxybutynin, a cholinergic 
muscarinic receptor antagonist, is to competitively 
inhibit the binding of acetylcholine at postganglionic 
cholinergic receptor sites in the bladder smooth muscle. 
Oxybutynin also independently relaxes bladder smooth 
muscle and has local anesthetic properties.*? Following 
oral administration, oxybutynin is extensively metabo- 
lized to the active compound N-desethyloxybutynin (N- 
DEO). N-DEO plasma levels have been associated with 
anticholinergic side-effects. With the development of a 
controlled-release oral formulation, and now with trans- 
dermal delivery, metabolism is reduced, efficacy is main- 
tained, and side-effects are decreased. The contributions 
of the parent compound to efficacy and the metabolite to 
anticholinergic side-effects are becoming increasingly 
clear as more clinical experience is gained with improved 


delivery systems. The therapeutic effectiveness of oxy- 
butynin is dose-related and occurs in conjunction with 
improvement in urodynamic parameters. Oxybutynin 
reduces the number of impulses reaching the detrusor 
muscle, thereby delaying the initial desire to void and 
increasing bladder capacity." 

As higher oral doses of oxybutynin are administered to 
achieve efficacy, dry mouth becomes more pronounced; 
therefore, alternative routes of administration have been 
tried. Intravesical therapy was found to alter the pharma- 
cokinetic properties — a significantly lower concentration 
of the primary metabolite, N-DEO, reaches the systemic 
circulation, resulting in fewer anticholinergic side- 
effects." Instillation of oxybutynin directly into the blad- 
der is clinically effective and in most cases causes minimal 
or no dry mouth.® Because this route of administration is 
impractical, it is currently used only in special clinical 
circumstances.’ 

Recently, an oxybutynin transdermal delivery system 
(Oxytrol™, Watson Pharmaceuticals, Inc, Salt Lake City, 
Utah)* has been shown to provide continuous delivery of 
oxybutynin over 96 h, by way of a matrix-type delivery sys- 
tem applied to the patient’s skin. This route of administra- 
tion alters the pharmacokinetic profile of oxybutynin, 
thereby minimizing anticholinergic side-effects without 
compromising clinical efficacy.’ 


Transdermal drug delivery 
Background 


Transdermal drug administration for the pharmacologic 
treatment of systemic conditions has the known advantage 
of avoidance of presystemic gastrointestinal and hepatic 
‘first-pass’ metabolism, which allows administration of 
lower doses to achieve similar plasma concentrations. 
Other advantages include avoidance of gastrointestinal 
interactions, consistent drug release over a prolonged 
period of time, ease of patient compliance, and utility 
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| Occlusive acrylic backing film 
ae =}+— Matrix-type layer 


Release liner 


when oral or parenteral drug administration is not ideal. 
Transdermal application systems are currently in use for 
the treatment of angina pectoris, chronic pain syndromes, 
and motion sickness; to provide hormone replacement 
therapy and contraception; and for assistance with smok- 
ing cessation. 

Transdermal systems (TDSs) vary in the technology 
used for delivering drugs across the stratum corneum 
(first layer of skin) and in their dosing frequencies. For 
example, the first marketed transdermal delivery system 
employed both a drug reservoir and rate-controlling semi- 
permeable membrane and required daily dosing. 
Subsequently, hormone replacement therapy with estra- 
diol has been administered for 3'/, to 7 days using a 
matrix-type TDS to women with symptoms associated 
with menopause. 


Transdermal drug therapy for 


the overactive bladder 


The currently available oxybutynin TDS is a matrix-type 
system requiring twice-weekly dosing. It is composed of 
three layers (Figure 50.1), as follows: 


e The first layer is a backing film that provides the occlu- 
sion required for drug absorption. 
e The second layer is the basis of the matrix technology 
and contains: 
a thin film of acrylic adhesive, which enables the 
system to attach to the skin oxybutynin dissolved in an 
acrylic adhesive glycerol triacetate (triacetin, USP), a 
nonalcoholic permeation enhancer that improves the 
ability of the drug to penetrate the skin. 
e The third layer is a release liner that is peeled off for 
application. 


Figure 50.1 

A cross-section of the matrix-type 
oxybutynin TDS (transdermal system). 
Placement of the oxybutynin TDS on the 
lower abdominal skin region. 


The design of the matrix-type delivery system allows a 
controlled rate of drug absorption by means of a chemical 
method of enhancing skin permeation. Flux enhancers, 
or chemical penetration enhancers, improve permeation 
of the drug through the dermal layer, thereby allowing for 
diffusion into the systemic circulation.” 


Pharmacokinetic advantage 


The oxybutynin TDS has a significant pharmacokinetic 
advantage over oral oxybutynin, as it avoids presystemic 
metabolism of the parent compound. Presystemic metabo- 
lism refers to the metabolism of the parent compound, 
prior to entering the systemic circulation, by the CYP450 
enzyme system in the gastrointestinal tract and liver fol- 
lowing oral administration. With transdermal oxybutynin 
administration, the avoidance of presystemic metabolism 
lowers the extent to which the primary metabolite, 
N-DEO, becomes available to the systemic circulation, thus 
resulting in fewer anticholinergic side-effects, such as dry 
mouth, constipation, and drowsiness. 

Steady and predictable diffusion of oxybutynin across 
the stratum corneum has been demonstrated.’ In studies 
of human subjects, it has been shown that a 39 cm? TDS 
containing 36 mg of drug will deliver an average dose of 
3.9 mg/day and result in average plasma concentrations of 
oxybutynin of about 4 ng/ml during twice-weekly applica- 
tion (Figure 50.2). In human subjects, the application of 
oxybutynin TDS to three distinct skin sites — the buttock, 
hip, and abdomen — showed the same absorption profile." 

Bioavailability studies in human subjects showed that 
after the application of the first oxybutynin TDS, the par- 
ent compound becomes available to target tissues within 
2 h, peaks at about 24 h, and is sustained at a steady level 
for over 96 h. Steady-state concentrations are reached with 
the second application.’ 
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Figure 50.2 

Plasma concentrations (Cp) were measured (SEM = standard 
error of the mean) following the subject’s third application. The 
oxybutynin TDS (transdermal system) was removed after 

96 hours. 


In patients with OAB, plasma concentrations showed 
a linear relationship between the dose of oxybutynin TDS 
and plasma concentrations of both the parent compound, 
oxybutynin, and the active metabolite, N-DEO. This 
occurred from the lower (1.3 mg/day) to the upper 
(5.2 mg/day) dose studied.!? 

To show the alteration in first-pass hepatic and gastro- 
intestinal metabolism of the parent oxybutynin compound 
during transdermal delivery, 16 human subjects participated 
in a study in which the plasma concentrations of the active 
metabolite and parent compound were measured following 
both oral and transdermal drug administration.” In the oral 
oxybutynin group, the average plasma concentration for 
N-DEO was 19.8 ng/ml and for the parent compound was 
1.8 ng/ml, a ratio of approximately 10:1. In the oxybutynin 
TDS group, average plasma concentrations for N-DEO, 
the active metabolite, and the parent compound were 3.9 
and 2.5 ng/ml, respectively, a ratio of approximately 1.2:1, 
showing the contrast of transdermally to orally administered 
oxybutynin in pharmacokinetic properties (Figure 50.3). 


Clinical efficacy in the 
overactive bladder 


The efficacy of oxybutynin TDS in the treatment of OAB 
was demonstrated in two clinical trials. The pivotal trial 
enrolled 520 patients and consisted of a 12-week, double- 
blind, placebo-controlled initial phase in which three doses 
of oxybutynin TDS (1.3, 2.6, and 3.9 mg/day) were com- 
pared with placebo. For patients receiving oxybutynin TDS 
3.9 mg/day, the median number of episodes of urinary 
incontinence decreased from 31 per week at baseline to 12 
per week at end point (Figure 50.4), showing significance 
(p= 0.017) in the end-point change from baseline comparison 
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Mean plasma concentrations (Cp) were measured after a single 
96-hour application of oxybutynin TDS 3.9 mg/day and a single 
5 mg oral dose of oxybutynin chloride in 16 healthy subjects. 
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Figure 50.4 

Patients taking oxybutynin TDS 3.9 mg/day had a significant 
decrease in the number of urinary incontinence episodes per 
week from baseline (BL) to end point. 


to placebo (—19 vs —14.5, respectively). A supportive 
efficacy end point, the mean daily urinary frequency, 
decreased by 2.3 urinations per day from a baseline of 12 
and was significant (p = 0.046) in comparison to placebo 
(—2.3 vs —1.7, respectively). In addition, the measured uri- 
nary voided volume increased significantly and quality of 
life scores improved in the group receiving oxybutynin 
TDS 3.9 mg/day.'* Patients in all TDS treatment groups 
then entered a 12-week, open-label, dose-titration period 
and again experienced reductions in the number of urinary 
incontinence episodes per week. 

In an earlier 6-week, dose-identification trial, 76 patients 
who had previously responded to treatment with oral 
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Figure 50.5 

Incontinence episodes (mean + SD) in 72 patients receiving 
titrated doses of both oral and transdermal oxybutynin during 
6 weeks of treatment. 


oxybutynin were randomized to active treatment with 
either TDS or oral immediate-release oxybutynin. Dosages 
were titrated for each group, according to anticholinergic 
side-effects at weeks 2 and 4. Mean daily incontinence 
episodes were reduced from washout to end of treatment 
by approximately 5 in both groups (p <0.0001), with no 
significant difference between transdermal and oral ther- 
apy (Figure 50.5). After 6 weeks of treatment, daily incon- 
tinence episodes were reduced to 2.4 + 2.4 in the 
transdermal group and 2.6 + 3.3 in the oral group.” A total 
of 8 patients in the TDS group and 10 patients in the oral 
group were continent on completion of the study. 

Cystometry was performed before and at the end of 
treatment (Figure 50.6). Bladder volume (mean + SD) 
at first detrusor contraction increased by 66 + 126 ml for 
the transdermal group (p = 0.005) and 45 + 163 ml in the 
oral group (p = 0.1428). Maximum bladder capacity 
(mean + SD) increased by 53 + 8 and 51 + 138 ml in the 
transdermal (p = 0.0011) and the oral (p = 0.0538) 
groups, respectively. !* 


Side-effect profile 


The improved anticholinergic side-effect profile of oxy- 
butynin TDS over oral oxybutynin is the most important 
clinical consequence of this novel route of oxybutynin 
administration. 

In the pivotal trial of 520 patients who received either 
TDS oxybutynin in doses of 1.3 mg/day, 2.6 mg/day, or 3.9 
mg/day, or placebo, the overall frequency of dry mouth was 
7.0% for the oxybutynin TDS group and 8.3% for placebo. 
Constipation, which can be especially troublesome in older 
patients, occurred in only 3% of subjects receiving either 
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Figure 50.6 

Bladder volume at first contraction and maximum bladder 
capacity in patients receiving TDS (n = 33) and oral (n = 30) 
oxybutynin in patients at washout and after 6 weeks of 
treatment. Patients received titrated doses of oxybutynin 
between time points. 


TDS oxybutynin or placebo. The incidence of dizziness and 
somnolence was similar to that of the placebo group.'* The 
most common adverse event of TDS oxybutynin is a skin 
reaction at the application site — generally pruritus (16.8%) 
or erythema (5.6%). In all clinical trials for patients treated 
with the largest available patch, 3.9 mg/day of TDS oxybu- 
tynin (n= 331), application site reaction occurred in 14.8% 
of patients and was mostly mild or moderate in severity 
and completely reversible.“ 

A review of published clinical trial reports, such as the 
OBJECT study, shows the incidence of anticholinergic 
side-effects for oral oxybutynin formulations to be higher 
than reported in the TDS oxybutynin pivotal clinical trial 
(Table 50.1). 


Dose escalation and 
occurrence of dry mouth 


The first clinical trial of oxybutynin TDS (n = 76) was 
designed to determine the dose limitation in patients 
with OAB, based on tolerability of anticholinergic side- 
effects in two parallel groups taking either oral or TDS 
oxybutynin. Patients entered the trial based on their pre- 
study dose of oral oxybutynin at one of three TDS dose 
levels — 2.6, 3.9, or 5.2 mg/day — and had their dose 
increased every 2 weeks to the maximum of 5.2 mg/day, 
according to their tolerance of dry mouth. At the 6-week 
study visit, 68% of the patients receiving oxybutynin TDS 
had titrated to the maximal dose of 5.2 mg/day compared 
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Incidence of dry mouth for orally administered anticholinergic drugs 


Published clinical trials OXY (%) 


OXYer (%) 


TOL (%) OXYTDS (%) PLA (%) 


Appell et al:'° 


OXyYer, 10 mg/d 28.1 


TOL, 2 mg bid 


Davila et al:! 
OXY TDS, 2.6-5.2 mg od 94? 
OXY, 10-20 mg od 


Dmochowski et al: 
OXYTDS, 3.9 mg od 
PLA 


Tapp et al:!° 
OXY, 5 mg qid 29 
PLA 


Thuroff et al:!” 
OXY, 5 mg tid 48 
PLA 


Birns et al:'* 


OXY, 5 mg bid 16.7 22.6 


OXyYer, 10 mg, od 


Versi et al:!° 
OXY, 5-20 mg* 
OXYer, 5-20 mg* 


7 (5 mg) 
26 (10 mg) 
39 (15 mg) 
45 (20 mg) 


Anderson et al:?? 


OXY, 5 mg od-qid* 87 68 


OXYer, 5-30 mg od* 


Burgio et al:?! 
OXY, 2.5 mg od to 5 mg tid? 96.9 


a Titrated doses. 
b At maximum tolerated dose. 


392 


38° 


9.6 8.3 


10 


1 


4 (5 mg) 

9 (10 mg) 
19 (15 mg) 
40 (20 mg) 


OXY, oxybutynin; TOL, tolterodine; TDS, transdermal system; PLA, placebo; er, extended-release formulation; od, daily; bid, twice daily; tid, three 


times daily; qid, four times daily. 


with 32% of patients taking oral oxybutynin.'* No patient 
using the oxybutynin TDS had intolerable dry mouth; 
62% did not report any dry mouth; and only 11% had 
moderate, tolerable dry mouth at the final visit.!? This 
low incidence of dry mouth, the major anticholinergic 
side-effect of oxybutynin, contrasts with incidences of 
9% intolerable and 59% moderate but tolerable for oral 
oxybutynin. 


Convenience and quality of life 


Patients may exercise, shower, or bathe with the TDS in 
place. The translucent nature of the oxybutynin TDS 
improves the esthetic acceptability to the patient. The quality 


of life (QoL) Incontinence Impact Questionnaire showed a 
significant improvement (p <0.05) compared with that of 
placebo (Figure 50.7). 

Advances in transdermal technology have achieved a 
reduction in patch size as well as the development of a 
transdermal gel delivery system. In pre-clinical studies, 
adequate therapeutic plasma levels of oxybutynin have 
been obtained that compare well with other delivery 
methods. Phase 2 trials are currently under way to 
evaluate a gel-delivery system which utilizes a pre- 
measured dose of oxybutynin applied to the skin (likely 
arms) on a daily basis. Convenience and ease of use are 
expected to be the major positive attributes of this new 
system. 
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Figure 50.7 

Patients with oxybutynin TDS reported improved quality of life 
on the Incontinence Impact Questionnaire (IQ) during the 
double-blind treatment period. Numerical values are in inverse 
relation to quality of life. 


Community-based studies 


Since FDA approval and marketing of Oxytrol in 2000, 
experience has demonstrated specific groups of patients 
who may benefit from transdermal delivery. The 
Multicenter Assessment of Transdermal Therapy in 
Overactive Bladder with Oxybutynin (MATRIX) is an 
open-label, 6-month, randomized, prospective multicenter 
community-based trial of OAB subjects. They were ran- 
domized to TDS oxybutynin alone versus TDS oxybutynin 
plus additional educational materials. A total of 2878 sub- 
jects were recruited at 327 centers, with 13% being male. 
Significant improvements in QoL, as reported on the 
Kings Health Questionnaire (KHQ) and Beck Depression 
Inventory-II (BDI-II), were noted at termination of the 
study. One of the initial data analyses evaluated sexual 
function in OAB subjects, and noted that therapy 
decreased coital incontinence, and improved interest in 
sex as well as personal relationships with partners.”” More 
data analysis is expected as specific subject subgroups are 
evaluated in this large community trial. 


Discussion 


Transdermal delivery is a novel approach for the adminis- 
tration of oxybutynin to patients with OAB. Although 
oxybutynin has a long-established history of efficacy in 
reducing the number of episodes of urge incontinence, a 
large percentage of patients discontinue oral oxybutynin 
because of intolerable anticholinergic side-effects, dry 


mouth in particular. Because side-effects are dose-related, 
it has not been possible for most patients to tolerate higher, 
more therapeutically effective doses. The TDS was 
developed to minimize anticholinergic side-effects by 
modifying the metabolism and plasma concentration 
profile of oxybutynin. 

By avoiding presystemic gastrointestinal and hepatic 
metabolism, transdermal delivery of oxybutynin reduces 
the incidence of anticholinergic side-effects, specifically 
dry mouth, while maintaining its efficacy in controling the 
symptoms of OAB. The incidence of dry mouth is dose- 
related, and reported to be 7.0% overall for oxybutynin 
TDS — similar to placebo (8.3%). 

In conclusion, the pharmacokinetic changes that result 
from transdermal administration of oxybutynin make it 
possible to achieve higher plasma levels of oxybutynin with 
much lower dosing compared to oral administration. 
Dosing of oxybutynin can thus be optimized without intol- 
erable anticholinergic side-effects. The TDS offers a conve- 
nient, efficacious, and well-tolerated route of administering 
oxybutynin to patients with symptoms of OAB. 
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Management of autonomic dysreflexia 


Guy Breault, Waleed Altaweel, and Jacques Corcos 


Introduction 


Autonomic dysreflexia (AD) is a complication commonly 
found in patients with spinal cord injury (SCI) at T6 or 
above. AD is the result of an uncontrolled sympathetic 
response secondary to a noxious stimulus. In consequence, 
this phenomenon is a medical emergency that can result in 
severe complications and can even be life-threatening. The 
incidence of AD for SCIs above T6 is between 50 and 
70%.’ It is important that all healthcare providers are 
familiar with the signs and symptoms at presentation, and 
are able to identify the potential causes of AD. They should 
also know how to manage acute episodes of AD. Successful 
management of patients with AD begins with its preven- 
tion through patient and family education. Identification 
and avoidance of noxious stimuli can often be managed by 
adequate bladder, bowel, and skin care. 


Diagnosis of AD 


In the case of any patient with SCI at T6 or above, a high 
level of suspicion for AD should always be present. Patients 
with SCI at T6 or above usually have normal systolic blood 
pressure of 90-110 mmHg. AD may present with a sudden 
increase in both systolic and diastolic blood pressure of 
20-40 mmHg over baseline, associated with bradycardia. 
An elevation of systolic blood pressure of 15-20 mmHg in 
adolescents or more than 15 mmHg above baseline in chil- 
dren is significant and may also suggest AD.** Pounding 
headache, profuse sweating above the level of the lesion, 
piloerection or goose bumps, flushing, blurred vision, 
spots in the patient’s visual field, nasal congestion, and 
anxiety are also other classic signs and symptoms of AD. 
Besides bradycardia, other cardiac abnormalities that 
might be encountered are atrial fibrillation, premature 
ventricular contraction, and atrioventricular conduction 
anomalies. In subacute AD presentation, the patient may 


present with minimal or absent signs and symptoms of 
AD, despite elevated blood pressure. Because of cognitive 
and verbal communication impairments, SCI patients 
might have difficulty disclosing their symptoms when AD 
presents. If AD signs and symptoms are present but the 
patient has normal blood pressure, he or she should be 
referred to an appropriate consultant, depending on the 
symptoms.° 


Acute treatment of AD 


Early recognition of signs and symptoms of AD at presen- 
tation is the major key to immediate and appropriate treat- 
ment of this urgent and life-threatening condition. Late 
recognition or inappropriate management can result in 
severe hypertension and complications such as cerebral or 
subarachnoid hemorrhage, seizures, arrhythmia, coma, 
and even death.&" 


Life-saving measures 


Typical signs and symptoms suggestive of AD associated 
with a significant elevation in mean blood pressure indi- 
cate the need for prompt management (Table 51.1). The 
first step is to place the patient upright in the seated posi- 
tion, with his legs down. This maneuver should provoke an 
orthostatic drop in blood pressure by allowing pooling in 
the lower extremities. Additional pooling in the abdomen 
and lower extremities can be achieved by loosening or 
removing any tight clothing or constrictive devices.° 

SCI patients might exhibit significant and rapid fluctua- 
tions in blood pressure during an AD episode due to 
impaired autonomic regulation; therefore it should be 
monitored closely, every 2 to 5 minutes, and until the 
patient has stabilized.4>!!? 
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Acute management of AD 


Intervention 


Rationale 


1. Seat the patient upright and lower the legs 


Loosen clothing or constrictive devices 


Monitor blood pressure every 2-5 min 


. If no indwelling urinary catheter is present, 


catheterize the patient 

If the patient has an indwelling urinary 

catheter, check it for obstruction and irrigate 

the catheter (which may need to be changed) 

If systolic blood pressure is elevated to or above 

150 mmHg, consider pharmacological management 


7. If symptoms persist, suspect fecal impaction 


8. If symptoms persist, check for other less frequent 


10. 


causes 
Consider admission or referral if symptoms 
persist or no precipitants are found 

Monitor the patient's symptoms and blood 
pressure for at least 2 hours after AD resolution 


May allow pooling of blood in the lower extremities 

May allow pooling of blood in the abdomen 

and lower extremities 

Blood pressure may fluctuate rapidly during an AD episode 
Bladder distention is the most common cause of AD 


Bladder distention is the most common cause of AD 


The risk of adverse sequelae increases when systolic 
blood pressure exceeds 150 mmHg 


Fecal impaction is the second most common cause of AD 

Many other precipitating factors may be the trigger, and 
appropriate treatment should resolve the AD episode 

The patient is at risk of further episodes if no precipitant is found, 
and appropriate evaluation and treatment should be undertaken 
AD may resolve because of medication and not because of 
resolution of the underlying cause 


Eliminating the cause of AD 


The next step is the elimination of the trigger. Since 
bladder distention is the most common cause of AD, an 
indwelling urethral catheter must be placed in the bladder 
if one is not already present.* Catheterization itself can 
exacerbate AD, therefore intraurethral lidocaine (ligno- 
caine) jelly 2% should be generously applied at least 2 min- 
utes before every attempt to insert or change a urethral 
catheter, in order to decrease sensory input and relax the 
urinary sphincter.” If the patient already has an indwelling 
urethral catheter, the catheter and tubing system should be 
checked for obstruction or kinks. Irrigation of the catheter 
with 10 to 15 ml of warm saline may help if obstruction of 
the catheter is suspected. Both large volumes and cold irri- 
gation solutions should be avoided because they can also 
exacerbate the AD. Irrigation should also be limited to 5 to 
10 ml for children under 2 years of age and to 10 to 15 ml 
in older children.’ Irrigation with lidocaine solution may 
help decrease sensory input from the bladder. Other 
provocative triggers that should be avoided are bladder 
distention and suprapubic percussion, because they can 
worsen the condition. The catheter might needed to be 
changed if a previous attempt to relieve the obstructed 
catheter has failed to decompress the bladder. A catheter 
with a coudé tip may be considered if catheterization is 
difficult or associated with bladder neck obstruction. 
After adequate bladder catheterization, it is important to 
monitor the patient’s blood pressure, because a sudden 
decompression of the bladder will eliminate the noxious 


stimulus and the blood pressure will normalize. However, 
hypotension might occur after resolution of the trigger, 
especially if the patient has been given antihypertensive 
medication.° 

If blood pressure remains elevated after bladder 
catheterization fecal impaction should be suspected, since 
it is the second most common cause of AD. Appropriate 
precautions should be taken before disimpaction, 
because additional stimulation could further exacerbate 
AD. Gentle disimpaction can be done after introducing 
intrarectal lidocaine jelly 2% for at least 2 minutes before 
checking for stool impaction. If AD worsens during rectal 
manipulation, the manual evacuation should be stopped 
and rechecked after 20 minutes.° 

If the precipitating trigger has still not been identified, a 
thorough exploration for the cause must be initiated. The 
blood pressure should be monitored for at least 2 hours 
after resolution of the symptoms of an AD episode, and 
the patient should be instructed to monitor his or her 
symptoms to identify a possible recurrence." 


Pharmacotherapy to lower 
blood pressure 


Pharmaceutical treatment for refractory high blood pres- 
sure should be considered when the blood pressure 
is above 150 mmHg in adults, 140 mmHg in adolescents, 
130 mmHg in children aged 6-12 years, or 120 mmHg in 
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children under 5 years.? Appropriate-sized blood pressure 
cuffs are necessary when measuring blood pressure in chil- 
dren and adolescents. Antihypertensive medication should 
preferably have a rapid onset and short duration of action. 
Nifedipine or nitrates are the most commonly used med- 
ications during an acute attack. Nifedipine 10 mg, bitten 
and swallowed (rather than sublingually, S/L) in the 
immediate-release form, is the preferred method of 
administration. The treatment can be repeated in 30 min- 
utes if the elevated blood pressure persists. Extreme cau- 
tion should be exercised in the elderly or in patients with 
coronary artery disease, as it has been reported that 
nifedipine can cause hypotension and reflex tachycardia in 
individuals without SCI.>''!~'4 Application of 2.5 cm of 
Nitropast 2% (nitroglycerin ointment) on the skin above 
the level of the lesion can be very useful. An advantage is 
that the paste can be easily removed when the hypertension 
subsides, reducing the chances of subsequent hypotension. 
An intravenous sodium nitroprusside drip may be required 
if the hypertension is refractory to the initial medical treat- 
ment.’ Another medication that can be used to treat acute 
AD is phenoxybenzamine, an o-receptor blocker, given 
orally at a dose of 10 mg. It has been shown that phenoxy- 
benzamine causes relaxation of the internal sphincter and 
can control the symptoms. Tamsulosin, an a-receptor 
blocker, although it might be helpful in reducing the fre- 
quency and severity of AD, is not recommended in the 
acute treatment of AD.” Prazosin is another alternative for 
the management of hypertensive emergencies in AD. A 
pilot study has shown that captopril 25 mg S/L is safe and 
effective in treating patients with hypertension from AD. 
Both prazosin and captopril act within 30 minutes, achieve 
therapeutic levels within 1 to 3 hours, and have a half-life 
of 2 to 4 hours. Glyceryl trinitrate can be administered in 
an appropriately-monitored setting for rapid blood pres- 
sure control. Hydralazine, 5 mg iv or 5-20 mg im, is 
another alternative to maintain low blood pressure.>!~? 

Erectile dysfunction in SCI patients is often treated with 
sildenafil. Nitrates are contraindicated in patients taking 
sildenafil. The resulting blood pressure drop may be signif- 
icant and dangerous. If sildenafil has been used within the 
last 24 hours, another short-acting antihypertensive med- 
ication should be given. On the other hand, if the patient 
receives nitrates, he should be instructed not to take silde- 
nafil for at least 24 hours. 


Managing secondary 
hypotension 


After removal of the trigger responsible for AD, or with 
pharmaceutical treatment of elevated blood pressure, the 
blood pressure should be monitored closely for possible 


hypotension. If hypotension ensues, the patient should be 
placed lying down with the legs elevated. Volume repletion 
with intravenous fluids and the administration of an 
adrenergic agonist can also be considered if the hypoten- 
sion is symptomatic or refractory. 


Prevention and prophylactic 
treatment of AD 


Education and conservative 
management 


The primary goal in the management of AD is the preven- 
tion of acute crisis. Structured education and support for all 
patients and their families is an important aspect in the 
management of SCI, together with an appropriate follow-up 
by healthcare professionals with expertise in the manage- 
ment of those patients. To be most effective, the support 
should be introduced as soon as possible to prevent the 
occurrence of complications. An acute episode of AD is most 
often triggered by a noxious stimulus that can be easily iden- 
tified and abolished. Special consideration of the genitouri- 
nary system is very important since bladder distention is 
responsible for the acute event in around 75 to 85% of cases. 
After bladder distention, the next most common noxious 
stimulus responsible for acute AD is bowel distention due to 
fecal impaction, which may be encountered in up to 20% of 
AD patients. Other urinary tract precipitants that may be 
encountered are acute urinary retention, urinary tract infec- 
tion, bladder calculi, urethral distention, testicular torsion, 
and instrumentation. Other possible triggers of AD are 
bowel distention, anorectal distention, hemorrhoids, anal 
fissures, and other gastrointestinal precipitants; pressure 
ulcers, ingrown toenails and other skin pathology, fracture of 
long bones, labor, and delivery are amoung the less frequent 
triggers. Documentation of previous AD episodes is also 
very important and should include signs and symptoms 
at presentation, the trigger responsible for the acute event, 
and the treatment instituted. Blood pressure documentation 
and the response to treatment may also be helpful in the 
management of subsequent AD episodes.° 


Pharmaceutical treatment 


In patients with recurrent acute episodes of AD, an 
c-adrenoceptor blocker may help to suppress dysreflexic 
symptoms; a nightly dose of terazosin 5 mg or tamsulosin 
0.8 mg may reduce the frequency, severity, and bother of 
AD.!>!° Even if pharmaceutical treatment is helpful in some 
patients, it does not eliminate the need for appropriate care 
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to the genitourinary, gastrointestinal, and other systems to 
eliminate avoidable triggers. 

Acute AD may be precipitated by surgical, cystoscopic, 
urodynamic, and radiologic procedures. Therefore, if the 
patient is known to have recurrent acute AD episodes, 
prophylactic pharmaceutical management with nifedipine 
10 mg or nitropast 2% can be given shortly before the pro- 
cedure. Prophylactic treatment of chronic patients with an 
a-adrenoceptor blocker or premedication before a uro- 
logic procedure does not eliminate the need for careful 
monitoring during the procedure.®7111213,19 


Anesthetic considerations 
in AD 


Most AD episodes are triggered by a urologic manipulation 
or surgery. For that reason, a multidisciplinary preoperative 
evaluation should include anesthesia assessment and deter- 
mination of the level of injury with the history of dysre- 
flexic episodes. Anesthetic techniques for controling AD 
include topical application for cystoscopy, general anesthe- 
sia, and spinal and epidural anesthesia. Lidocaine jelly may 
decrease the sensation and relax the sphincter during cyst- 
oscopy, but bladder distention may trigger an AD episode 
despite local anesthesia. Spinal anesthesia has been reported 
to give excellent control for the prevention of an AD 
episode, and has also been recommended in acute AD 
refractory to medical management.” Nifedipine may be 
given prophylactically 30 to 60 minutes prior to surgery 
when a procedure is performed under general anesthesia.”° 
Some anesthetics found to be effective for the treatment of 
AD are halothane, isoflurane, and enflurane. When a dysre- 
flexic episode occurs during a procedure in a patient under 
general anesthesia, the first step is to increase the depth of 
anesthesia.” In patients known to have had a previous AD 
episode, or at high risk for a dysreflexic event, intraopera- 
tive and postoperative cardiac monitoring is warranted 
since AD may occur up to a few days after surgery. 


AD treatment during 
pregnancy and labor 


AD is a common complication of pregnancy in SCI. 
Prevention remains the most important factor in AD man- 
agement to avoid morbidity and mortality in patients or 
their fetus. 

During labor and delivery, the risk of AD in patients 
with lesions at or above T6 is 85 to 90%.”! SCI patients 
should be monitored for urinary tract infections, fecal 
impaction, and blood pressure during both gestation and 


labor. AD during pregnancy has the same pathophysiology 
and requires the same type of management as in nonpreg- 
nant patients. In some patients, a classic episode of AD may 
be the only clue to the onset of labor. An important differ- 
ential diagnosis to an AD episode during pregnancy in SCI 
women is pre-eclampsia. Unlike pre-eclampsia, blood pres- 
sure elevation and other classic symptoms of AD occur 
during uterine contractions and resolve with relaxation of 
the uterus.” Anesthetic jelly should always be used to 
reduce stimulation for any manipulation, including before 
vaginal examinations, urinary catheterizations, or rectal 
manipulation. Bladder catheter drainage should be initi- 
ated and monitored frequently to avoid obstruction during 
labor. It has also been proposed that monitoring during 
labor and delivery should ideally include an intra-arterial 
catheter for continuous blood pressure reading, telemetry 
for continuous cardiac rhythm monitoring, and constant 
electronic fetal monitoring to identify fetal distress.” 7° 

A complete anesthesia consultation should be undertaken 
prior to labor. AD control in labor without epidural block is 
unsatisfactory.“ Epidural anesthesia interrupts the reflex arc 
from the uterus to the cardiovascular system via the spinal 
cord and is thought to prevent the triggering of AD. 
Prophylactic placement of an epidural catheter at 37 weeks 
of gestation has been described as an option, but early place- 
ment of an epidural catheter is usually done at the first sign 
of labor.” A combination of bupivacaine and fentanyl has 
been reported in cases of successful deliveries in women with 
spinal cord lesions.” Since AD may occur up to 48 hours 
after delivery, maintenance of epidural anesthesia for that 
period is usually recommended.”’ Oral nifedipine, intra- 
venous hydralazine, or trimethaphan has been suggested to 
control extremely high blood pressure in this population 
during labor. Intravenous nitroprusside is generally not rec- 
ommended during pregnancy or labor because of elevated 
fetal cyanide levels. Ganglionic-blocking agents with a short 
duration of action, such as a 0.1% solution of trimethaphan 
in 5% dextrose by intravenous drip, can be administered in 
refractory AD cases during labor that are not adequately 
controlled by regional anesthesia.” 


Conclusion 


AD is a medical emergency often related to urologic, gas- 
trointestinal, or gynecologic problems or manipulations. 
Its management starts primarily with its prevention, but 
healthcare providers should be informed of this pathology 
to promptly recognize and treat it. Physicians must be 
aware of the simple procedures and treatment cascade that 
can be undertaken to avoid the possibly devastating conse- 
quences of acute AD. Pregnancy and anesthesia have to be 
considered as precipitating factors supporting preventive 
and aggressive management. 
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Peripheral electrical stimulation 


Magnus Fall and Sivert Lindström 


General background 


Important prerequisites for continence are intactness of 
the vesicourethral supportive structures and of the smooth 
and the striated muscles of the urethra, the latter being 
composed of the intramural striated sphincter and the 
paraurethral components of the pelvic floor muscles. Most 
striated muscles of the body are composed of three motor 
unit types, one with slowly contracting muscle fibers and 
two with fast contraction properties. The intramural ure- 
thral sphincter is special in being composed of slow fibers 
only, whereas the paraurethral striated muscles have vary- 
ing numbers of all three types. The three motor unit types 
differ with respect to their maximal force development, 
fusion frequency — that is the activation frequency for a 
smooth sustained contraction — and resistance to fatigue. 
The slow units develop little force but are resistant to 
fatigue. Their fusion frequency is about 10 Hz. The fastest 
units can produce 10-20 times more contraction force but 
fatigue rapidly. Their fusion frequency is around 40-50 Hz. 
The intermediate fast units are somewhat weaker but con- 
siderably more fatigue-resistant. It follows that the intra- 
mural striated sphincter can generate a well-sustained but 
rather limited increase in urethral pressure. The main 
function of this muscle seems to be to accomplish urethral 
closure during bladder filling at rest, when there is little 
physical stress. In more provocative situations, when the 
intra-abdominal pressure suddenly increases, e.g. lifting, 
coughing, and running (when most women with stress uri- 
nary incontinence leak), the fast motor units of the para- 
urethral pelvic floor muscles provide a rapidly induced, 
strong closing force upon the urethra. This contraction is 
in fact governed by the central motor program during self- 
generated increases of the intra-abdominal pressure, 
thereby allowing these muscles to contract in advance of 
the pressure rise. They are also promptly reflexly engaged 
by pressure increases from the outside caused by a sudden 
push towards the abdominal wall, but in this situation the 
contraction lags behind the pressure increase. The pressures 
generated by the pelvic floor muscles upon the urethra clearly 
exceed the maximal detrusor or intra-abdominal pressures 


in intact subjects. Thus, there is normally a reliable safety 
margin. 

Bladder filling is detected by mechanoreceptors in the 
bladder wall. These receptors respond both to passive dis- 
tention and to active contraction of the detrusor.’ The 
afferent signals are transmitted, mainly via the pelvic 
nerves, to the spinal cord, and ascend bilaterally in the dor- 
solateral white matter. The information eventually reaches 
the cerebral cortex in the medial region of its somatosen- 
sory area and gives rise to the sensation of bladder filling 
and urgency. The afferent signal also influences neurons in 
Barrington’s micturition center in the upper pons.’ When 
appropriately activated, descending neurons in this center 
drive preganglionic bladder pelvic neurons in the sacral 
cord, and thereby induce a micturition contraction. Once 
initiated, the micturition reflex is self-sustained by a posi- 
tive feedback mechanism. The reflex detrusor contraction 
generates an increased bladder pressure and an enhanced 
activation of bladder mechanoreceptors. This afference, in 
turn, reinforces the activation of the pontine micturition 
center and the pelvic motor output to the bladder, result- 
ing in a further increase in bladder pressure and 
mechanoreceptor afference. When urine enters the urethra, 
the reflex is further enhanced by activation of urethral 
receptors. Normally, this positive feedback mechanism 
ascertains a complete emptying of the bladder during mic- 
turition. As long as there is any fluid left in the lumen, 
the intravesical pressure will be maintained above the 
threshold for the mechanoreceptors, which will provide a 
continuous drive for the detrusor. 

A drawback with this arrangement is that the reflex sys- 
tem may easily become unstable. Any stimulus that elicits a 
small burst of impulses in mechanoreceptor afferents may 
trigger a micturition reflex. To prevent this from happen- 
ing during the filling phase, the micturition reflex pathway 
is controlled by several inhibitory mechanisms at spinal 
and supraspinal levels.’ The micturition reflex has nor- 
mally an all-or-nothing character. The pelvic efferents to 
the bladder are silent during the filling phase but, due to 
the positive feedback system, they fire maximally during 
micturition contractions. 
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Activation of continence 
reflexes by electrical 
stimulation 


Penile,’ clitoris,’ and vaginal electrical stimulation!®"! 
activates the motor fibers to the pelvic floor and the 
intramural urethral sphincter, either directly or by reflex 
mechanisms, or both.!™!° At these sites of stimulation, 
further reflexes are evoked with the afferent limb in the 
pudendal nerve and with three concomitant central 
actions: activation of hypogastic inhibitory fibers to the 
bladder; central inhibition of the pelvic outflow to the 
bladder; and central inhibition of the ascending afferent 
pathway from the bladder.*'”'* This reflex is silent at rest 
and seems to be designed to prevent bladder contrac- 
tions during coitus. Anal stimulation'*'® inhibits the 
bladder in a similar fashion by a reflex with its afferent 
limb in pelvic nerve branches to the anal region," 
a reflex designed to inhibit the bladder during defeca- 
tion. Thus, perineal methods for electrical stimulation 
utilize natural reflexes that are silent during normal, 
everyday life but capable of sustained bladder inhibition 
when evoked by continuous or intermittent electrical 
stimulation. 

It is generally believed that in the normal situation, blad- 
der inhibition follows pelvic floor contraction and that 
bladder inhibition elicited by electrical stimulation would 
result from pelvic floor activation.’ However, in animal 
experimental studies it has been demonstrated that there is 
rather activation of specific inhibitory pudendal afferents. 
Lindström et al'? showed that complete relaxation of the 
pelvic floor by succinylcholine did not abolish the inhibitory 
effect of stimulation. Subsequently, it has been demon- 
strated that there are separate systems for bladder and 
urethral sphincter activation. Patients with so-called 
uninhibited overactive bladder exhibit a characteristic dys- 
function with an uninhibitable micturition contraction 
associated with an uninhibitable sphincter relaxation. 
However, in 21% of patients a dissociation was demon- 
strated, those patients not being able to inhibit detrusor 
overactivity although able to perform sphincter activation 
voluntarily, indicating separate systems to control detrusor 
activation and striated muscle activation.'* In experiments 
in cats, Blok and Holstege’? described separate centers for 
micturition (M-region pontine center) and storage (L- 
region pontine center). The M region excites bladder mus- 
cle through projections to its motoneurons and inhibits the 
urethral sphincter through y-aminobutyric acid (GABA) 
interneurons, which inhibits the sphincter. The L region 
acts independently and excites the sphincter motoneurons. 
In the brain a network of regions seem to be involved in the 
normal control, including the periaqueductal gray, thala- 
mus, insula, anterior cingulae, and prefrontal cortex, all of 


them possible targets for activity evoked by peripheral 
electrical stimulation. 

The nervous system is equipped with multiple mecha- 
nisms to inhibit bladder activity in specific situations. 
During running or walking such a mechanism is activated. 
It can also be elicited artificially by electrical stimulation; 
one site is at the posterior tibial nerve — this is also the tra- 
ditional Chinese bladder acupuncture point, that can be 
stimulated mechanically or electrically. In human experi- 
ments it has been demonstrated that symptoms can be 
decreased, the first involuntary detrusor contraction 
delayed, and maximum cystometric capacity increased 
during percutaneous posterior tibial nerve electrical 
stimulation.?°-*+ 

The therapeutic effects of functional electrical stimula- 
tion (FES), on the bladder as well as the sphincter mecha- 
nism, depend on artificial activation of nerves. The first 
requirement for an effect is that the stimulation intensity is 
high enough to evoke an activity in the relevant nerves. The 
threshold intensity varies inversely with the fiber diameter, 
distance between the nerves and the stimulating electrodes, 
and the pulse configuration. Large myelinated fibers, like 
efferents to the pelvic floor, have the lowest threshold. 
Anogenital cutaneous afferents involved in bladder inhibi- 
tion and pelvic floor muscle reflexes (bulbocavernosus 
reflex) have intermediate values, whereas afferents respon- 
sible for pain sensation have the highest. In practice the 
distance between the electrode and nerve fiber is more 
important. Thus, all external electrodes induce skin or 
mucosal sensations at much lower intensities than pelvic 
floor contractions by direct stimulation of the motor 
fibers. For the same reason, the difference between the 
detection threshold and pain effects is quite narrow, with 
the maximal tolerance level reached at intensities about 
1.5-2 times the detection threshold.’ In routine practice, 
this is a significant problem since the ability to motivate the 
patient to accept a high stimulation intensity is a prerequi- 
site for and an important limitation of a good result.” A 
stronger effect may be obtained in selected cases by direct 
stimulation of the pudendal nerve trunk by means of 
needle electrodes;”° however, it is an invasive and thereby 
more unpleasant treatment. From experimental studies it 
is clear that the tolerance level is well below that required 
for maximal bladder inhibition or pelvic floor contraction. 
It follows that proper electrode design that permits posi- 
tioning of the electrodes close to the relevant nerves is 
mandatory to achieve good clinical response. 

Any pulse configuration would do for nerve activation, 
provided the stimulators can generate high enough inten- 
sities (in mA or V). Short square-wave pulses (0.2—0.5 ms) 
are most effective, however, in terms of charge transfer for 
a given biological effect.” To minimize electrochemical 
reactions at the electrode—mucosa interphase, it is prefer- 
able to use biphasic or polarity alternating pulses. 
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Stimulation frequency is another crucial factor. Due to 
the contractile properties of the fast and slow motor units, 
a high stimulation frequency, 50-100 Hz, is required for 
maximal urethral closure. The bladder inhibitory reflex 
systems operate at much lower frequencies. Maximal inhi- 
bition via the sympathetic route is obtained at about 5 Hz, 
and 5-10 Hz is also the best frequency for central inhibi- 
tion of the pelvic outflow to the bladder. Since the lower 
frequency may be unpleasant, 10 Hz stimulation has been 
recommended as a practical compromise. In clinical exper- 
iments in women with detrusor overactivity, cystometric 
registrations and isobaric volume recordings were per- 
formed to document effects during intravaginal electrical 
stimulation.*° With these procedures it was easy to demon- 
strate an abolishment of phasic detrusor contractions and 
an increase in bladder volume during stimulation, an effect 
most evident at low-frequency stimulation (10 Hz). 
Vereecken et al’! and Vodusek et al? observed similar 
effects but did not see any difference in the degree of blad- 
der inhibition at stimulation frequencies between 5 and 
20 Hz. All frequencies in that range do elicit bladder inhi- 
bition and it is quite plausible that different clinical condi- 
tions, like idiopathic phasic detrusor overactivity vs 
detrusor overactivity in spinal cord injury, may require 
somewhat different technique for an optimal response. 
Detrusor inhibition has likewise been demonstrated by 
anal'® or penile surface® electrodes. The frequency charac- 
teristics are similar for reflexes elicited from anal or genital 
stimulation. Engagement of larger pudendal nerve 
branches or selective stimulation of clitoris or penile nerve 
branches has been found to optimize the effect. It has been 
suggested that the effect on the bladder can be further 
improved if the pudendal nerve stimulation is calibrated by 
electrophysiologic monitoring of the ‘maximal motor 
response.? 

In trials without drugs, adequate urethral closure was 
obtained at 20-50 Hz, the lower frequency being a good 
compromise for patients with mixed stress and urge incon- 
tinence. Muscle fatigue is an important problem. When 
using FES for incontinence, intermittent trains of impulses 
have been found to reduce this problem.**** Another factor 
to consider is the long-term effect of chronic stimulation on 
the pelvic floor muscles. As one effect, it has been proposed 
that chronic stimulation increases the relative number of 
slow-twitch fibers in the paraurethral muscles,” since it has 
previously been found for leg muscles that long-lasting slow 
stimulation may transform intermediate fast motor units to 
such with mainly slow properties.’ Slow and intermediate 
motor units are also recruited first in reflex activation of 
the motor pool. Intermittent high-frequency stimulation 
would, if anything, be expected to have the opposite effect, 
though. To improve urethral closure at sudden increases of 
the intra-abdominal pressure, stronger fast-twitch fibers 
would be desirable, not the opposite. 


A clinically most significant result of peripheral electrical 
stimulation is the carry-over or re-education effect: in some 
patients there is long-term remission of symptoms after 
repeated electrical stimulation,'***“° sometimes lasting for 
years.*! The physiologic basis of this seemingly curative 
effect of stimulation is not yet fully explained, but no doubt 
involves modulation of central nervous activity. A change of 
peripheral receptor activity after chronic stimulation has 
been suggested, too,*”? which may contribute to a normal- 
ization of micturition pattern. Jiang,“* during anogenital 
electrical stimulation in the rat, demonstrated that 5 min 
stimulation at 10 Hz induced a prolonged increase in the 
micturition threshold volume, which was maintained for 40 
min, presumably involving modulation of synaptic trans- 
mission in the central micturition pathway. When intraves- 
ical electrical stimulation (IVES) was used, the opposite 
result was achieved: i.e. prolonged enhancement of the mic- 
turition reflex. In further experiments, the specific antago- 
nist CPPene was used to block central glutaminergic 
receptors of the NMDA type. The IVES-induced decrease in 
micturition threshold was blocked by prior administration 
of CPPene. This finding indicates that the IVES-induced 
modulation of the micturition reflex is due to an enhanced 
excitatory synaptic transmission in the central micturition 
reflex pathway.“ Similar modulation of the inhibitory, cen- 
tral mechanisms during electrical stimulation at relevant 
sites seems quite likely. A further plausible mechanism is 
that continence reflexes, once upgraded by artificial electri- 
cal stimulation, will be maintained when micturition is 
normalized, providing the chance of natural daily voiding 
and withholding training sessions. 

A further possibility is that chronic stimulation can 
improve the central motor programs for activation of the 
relevant striated muscles, in analogy with the stimulation- 
induced re-education in urge incontinence. Stimulation 
may also improve the reinervation of partly denervated 
muscle fibers by enhancing sprouting of surviving motor 
axons. Activation in animal experiments has been observed 
to promote the development of large motor units with 
many muscle fibers.*° In line with these observations, 
Schmidt et al” and Fall, Hjälmås, and Lindehall (unpub- 
lished work) observed an improvement of stress inconti- 
nence in children and youngsters with myelomeningocele 
and partly denervated pelvic floor. 

It is worth remembering that electrical pelvic floor stim- 
ulation involves the coordinated bladder and urethral 
function. When treating bladder overactivity, an effect on 
the sphincter mechanism may be as significant for the 
patient. It is not an unusual observation that, during ongo- 
ing treatment, the patients may still experience urgency 
and frequency of urination but have regained control of 
the sphincter. They can thereby postpone voiding, an effect 
of utmost importance for their ability to resume normal 
activities of daily life. 
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Requirements of a stimulator for clinical use 


Adequate electrode design 

Sufficient and adjustable stimulation intensity 

Short pulse width (range 0.2-0.5 ms) 

Biphasic pulses 

Variability of stimulation frequency (range 10-50 Hz), 
depending on clinical demands 


Continuous or intermittent stimulation, depending on clinical 
demands 


Clinical techniques of 
electrical stimulation 


There are two main options for clinical treatment. Long- 
term stimulation implies chronic stimulation at low inten- 
sity and requires several hours of treatment per day during 
several months. This modality was first used by Caldwell 
et al, who implanted electrodes into the pelvic floor mus- 
cles and connected them to a radiolinked stimulator acti- 
vated from an outside antenna. It was subsequently found 
that external electrodes yielded similar good results. 
Different shapes of vaginal and anal electrodes have been 
tried on a long-term basis. Advantages of long-term exter- 
nal stimulation are that hospital attention is not required 
and treatment is cheap and self-controlled by the patient. A 
disadvantage is that the procedure demands patient persis- 
tence. Many patients also find the different devices uncom- 
fortable to wear for a prolonged period of time. Still, in 
earlier series, excellent results of up to 90% of patients 
being cured or markedly improved by treatment have been 
described.'**! Most patients using this mode of treatment 
prefer to use the device during sleep at night. Unfortunately, 
because of the slow progress of technical development and 
marketing, most of the devices for long-term treatment 
have gone out of the market. 

A different approach was presented by Godec et al.** 
Using anal plug electrodes and needle electrodes inserted 
into the levator ani muscle, they applied a 15-20 min con- 
tinuous train of pulses at high intensity, so-called acute 
maximal stimulation. The applications were repeated up to 
10 times in the outpatient clinic. Plevnik and Janez? and 
Kralj*° used a modified technique with only surface elec- 
trodes and obtained a successful result in more than 50% 
of patients. Acute maximal stimulation may be preferable 
as treatment in urge incontinence owing to an overactive 
bladder. High-amplitude stimulation induces a more pro- 
nounced bladder inhibition and fewer stimulation sessions 
are required for a curative effect.'?*? A limiting factor for 
maximal stimulation by means of external electrodes is 
that the effective range up to the maximum tolerable level 


is rather narrow.” A stronger effect may be obtained in 
selected cases by direct stimulation of the pudendal nerve 
trunk by means of needle electrodes,” however this is an 
invasive and thereby more unpleasant treatment. A further 
development of this principle is percutaneous implanta- 
tion of a rechargeable, miniaturized stimulator close to the 
pudendal nerve at Alcock’s canal. The preliminary results 
of this treatment are promising.°*** 

Presently, a combined approach of clinical and home 
high-intensity stimulation by means of vaginal and anal 
electrodes and a personal stimulator (home maximal stim- 
ulation) seems to be the most popular alternative.” 
Percutaneous tibial nerve stimulation, another minimally 
invasive technique, has been on trial in patients with over- 
active bladder and non-obstructive urinary retention,” 
with a positive response noted in about 60% of patients. 
This modality of electrical stimulation is technically more 
complicated and yields lower overall results than so-called 
pelvic floor electrical stimulation, but may be an option in 
patients with special requirements. 

Up to half of the patients regain permanent control 
(re-education) of the bladder and/or the urethral sphinc- 
ters after a period of long-term or a sequence of maximal 
electrical stimulation. !°4!4?°?> In some patients only a 
temporary improvement may be achieved, and recurrence 
of symptoms is encountered after a few weeks or months. 
In these cases, repeated sessions of treatment usually 
restore control. However, very frequent periods of treat- 
ment or daily stimulation are demanding and not readily 
accepted by all patients. In such a situation, implantation 
of a sacral root or pudendal nerve stimulator may be a bet- 
ter solution (see Chapter 54). It has also to be realized that 
patient selection and precise applications of techniques 
have a determining role for the results. When put into rou- 
tine practice, the results may differ dramatically to those 
obtained in prospective studies since factors decisive for an 
optimal result are no longer well controlled. 166-284154 


The problem of randomized 
controlled trials and 
functional electrical 
stimulation 


In today’s era of evidence-based medicine no treatment is 
fully accepted if active treatment is not superior to placebo, 
and one problem with FES is the relative lack of random- 
ized controlled studies (RCTs). FES requires the sensation 
of stimulation to be effective so it has been difficult to 
design a study with a genuine placebo equivalent, i.e. elec- 
trical stimulation producing the sensation of stimulation 
with no other effect as a control arm. A nonfunctioning 
stimulator as control is too easy for the patient to reveal 
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and thus is not an ideal placebo. In an early trial, this 
method was tested, but the study was not completed 
because of dropouts in the group having non-functioning 
stimulation devices.” Subsequently, however, successful 
trials have been presented using this principle,’ and a 
statistically significant effect on stress urinary incontinence 
was found compared to the groups wearing a device with- 
out stimulation. Yamanishi et al®’ treated patients with 
detrusor overactivity with 15 min stimulation twice daily 
for 4 weeks, which is comparably a low quantity of stimu- 
lation. Still, subjective improvement in the active arm com- 
pared with inactive treatment was accomplished, as well as 
increase of cystometric capacity. Other reports have been 
contradictory, such as the one by Luber and Wolde- 
Tsadik®! treating patients with genuine stress incontinence 
twice daily for 3 months, with no difference between active 
and control groups. Further attempts to determine the effi- 
cacy of various electrostimulation methods have included 
comparative, randomized protocols, electrical stimulation 
being compared to biofeedback, pelvic floor exercises, vagi- 
nal cones, and behavior training, with varying results.°*® 

Control studies are important to determine the ‘real’ 
efficacy of varying FES modalities for different diagnoses. 
They are also desirable to get acceptance of the methods 
by health insurance authorities. In the report of the 
International Consultation on Incontinence, electrical 
stimulation was claimed to have an insufficient evidence 
base depending on the limited number of positive RCTs. It 
has to be remembered that control studies also include 
problems; the placebo effect in LUTS is subject to large 
variability, influenced by multiple factors difficult to 
control;®* weaknesses and pitfalls accompany all tech- 
niques. Too much emphasis on RCTs, disregarding exten- 
sive experience presented in open studies, may lead to a 
shortsighted abandonment of further experimentation and 
development of techniques, and includes the risk that a 
useful and harmless option for treatment of stress inconti- 
nence and detrusor overactivity is disregarded. Designing 
studies of electrical stimulation also entails other risks 
and problems. If treatment is applied with suboptimal 
techique, an effect may be overlooked and researchers may 
be disencouraged to continue further trials. 


Electrical stimulation in 
various neurogenic lower 
urinary tract dysfunctions 


Established indications are stress urinary incontinence 
caused by pelvic floor insufficiency, the efficacy of FES 
being similar to that of pelvic floor exercises. It has been 
demonstrated that female stress incontinence depends not 
only on a defect of the urethral supporting structures but 
also on partial damage of the innervation to the pelvic floor 


muscle complex caused by delivery or other traumatic 
insults.©’ Up to 75% of patients referred for surgery of their 
stress incontinence may be sufficiently improved by FES so 
that an operation becomes unnecessary.'**!*° Some patients 
using pelvic floor exercises have defective perception and 
cannot recognize the relevant muscles, making training 
inefficient or impossible. By means of intravaginal stimula- 
tion, muscle identification may be possible, and a combined 
treatment may reinforce their training. In stress inconti- 
nence, long-term stimulation at 20-50 Hz is recommended. 
The standard therapy of an overactive bladder is anti- 
cholinergic drug treatment, however limited in usefulness 
because of more or less pronounced side-effects owing to 
general effects on the receptor systems. FES circumvents 
this problem by acting directly on the micturition reflex 
mechanism. Urge incontinence due to detrusor overactiv- 
ity (DO) is an ideal indication for electrical stimula- 
tion.??40-41-49.53-5 Detrusor overactivity is a typical feature 
of suprasacral spinal cord lesion as well as supraspinal neu- 
ropathy. There is an ongoing debate on the etiology and 
pathogenesis of detrusor overactivity in patients with 
so-called idiopathic DO. When making a thorough exami- 
nation, however, subtle neurologic signs may frequently be 
revealed, mainly affecting the lower extremities,°* which 
indicate that we are dealing with a neurogenic bladder dis- 
order. Another feature of DO relevant for the application 
of electrical stimulation is that different functional sub- 
types may be identified. The uninhibited overactive blad- 
der subtype” according to The International Continence 
Society’s terminology standard now to be denominated 
terminal detrusor overactivity? responds fairly well to 
maximal stimulation at 10 Hz, few other methods being 
useful. The results are even better in subjects with phasic 
detrusor instability,” many of whom attain the unique 
re-education effect, too. In mixed incontinence, an individ- 
ual assessment is mandatory. If stress urinary incontinence 
dominates, surgery is usually preferred, but electrical stim- 
ulation at 10-20 Hz may be contemplated as an alternative. 
When DO dominates, electrical stimulation is the therapy 
of choice, either as repeated maximal stimulation or as self- 
administrated home-maximal stimulation at 10 Hz. 
Detrusor overactivity may be a severe symptomatic dis- 
tress in spinal cord injury with spinal detrusor hyper- 
reflexia. In cases refractory to anticholinergic drugs, penile 
electrical stimulation has been demonstrated to reduce 
hyperreflexic contractions and urinary leaks.*!*? Kirkham’! 
utilized penile electrical stimulation in a physiologic study 
to modulate DO in a homogeneous series of subjects with 
spinal cord injury. Optimal inhibition of detrusor contrac- 
tion required currents at least twice the pudendo-anal 
reflex, irrespective of pulse width, and was achieved with 
stimulation frequencies between 15 and 20 Hz. Repetitive 
stimulation resulted in increasing filling volumes before 
contraction with slow post-stimulation return to the base- 
line volume, indicating not only acute but also prolonged 
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modulation of detrusor inhibitory mechanisms. No doubt, 
this option of treatment warrants further exploration in 
this group of patients. 

In patients refractory to noninvasive procedures, other 
techniques are justified, e.g. perineally inserted or 
implanted electrodes for direct stimulation of the puden- 
dal main nerve trunk.”*” Another option is percutaneous 
stimulation of the sacral nerves, a successful test being fol- 
lowed by implantation of a stimulator for chronic use. 
Other attempts to improve the efficacy of electrical stimu- 
lation for bladder control include conditional stimulation 
of, e.g., dorsal penile/clitoral nerves triggered by detrusor 
pressure increase in patients with spinal cord lesions.” 
This seems to be a promising technique, although so far 
not adapted to the clinical setting. 
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Emptying the neurogenic bladder by electrical 


stimulation 


Graham H Creasey 


Principles 


Electrical stimulation has been investigated for many 
years for the purpose of restoring function to the neuro- 
genic bladder, whose functions of micturition and conti- 
nence may be impaired by either paralysis or hyper- 
reflexia of the detrusor and/or sphincter mechanisms. 
Ideally, the functions of both emptying and storage 
should be restored. This would require coordinated con- 
traction of the detrusor and relaxation of the sphincter 
mechanism for voiding, alternating with relaxation of the 
detrusor and adequate contraction of the sphincters for 
continence. 

Electrical stimulation is usually thought of as producing 
muscle contraction, but there are also ways of using it to 
prevent contraction or produce relaxation. Reflex contrac- 
tion or relaxation of muscle may be produced by stimulat- 
ing sensory nerves. When stimulation is applied in this way, 
modifying activity in the central nervous system, it is 
sometimes called neuromodulation; this is discussed in 
other chapters in this volume. When stimulation is applied 
directly to efferent nerves to improve function by produc- 
ing contraction of muscles it is sometimes called func- 
tional neuromuscular stimulation or functional electrical 
stimulation. This chapter describes such stimulation of 
sacral efferent nerves to produce emptying of the neuro- 
genic bladder. This process clearly requires that efferent 
nerves to the bladder be intact, specifically the pregan- 
glionic parasympathetic efferents from the sacral segments 
of the cord which run via the sacral anterior nerve roots, 
sacral nerves, and pelvic plexus. It is therefore applicable to 
patients with lesions of the spinal cord above the sacral seg- 
ments, who can now derive considerable clinical benefit 
from electrical stimulation to produce safe and effective 
bladder emptying. Restoration of continence to the neuro- 
genic bladder by electrical stimulation is still under inves- 
tigation, and chemical or surgical methods are still needed 
in many cases. 


Bladder 


Figure 53.1 

Potential sites of stimulation: (a) bladder wall; (b) pelvic nerves; 
(c) conus medullaris; (d) sacral anterior roots intradurally; 

(e) sacral nerves extradurally. 


Location of stimulation 


A variety of sites of stimulation have been used in patients 
with suprasacral spinal cord injury or disease, with elec- 
trodes on the bladder wall, the pelvic splanchnic nerves, the 
conus medullaris, the sacral anterior roots, or the mixed 
sacral nerves. In practice only the latter two sites have 
reached clinical significance (Figure 53.1) 

Electrodes on the bladder wall produced poor results, 
probably for several reasons including breakage of elec- 
trodes with bladder movement, the difficulty of recruiting 
enough of the detrusor muscle, and the stimulation of 
afferents producing unwanted reflexes.'” If these problems 
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could be solved it might be useful to stimulate postgan- 
glionic parasympathetic neurons in the bladder wall for 
patients whose preganglionic neurons have been damaged 
by injuries to the sacral segments of the spinal cord or the 
cauda equina; such patients do not gain bladder function 
from electrical stimulation at present. 

The pelvic splanchnic nerves appear to be a theoretically 
desirable site but surgical access is difficult and it may be 
difficult to avoid stimulating sympathetic fibers to the blad- 
der neck and afferent fibers. Good results were claimed in a 
few patients but little has been published on this route.** 

Stimulation of the conus medullaris was developed by 
Nashold et al.° A laminectomy from T12 to L2 was per- 
formed and a pair of electrodes inserted into the gray mat- 
ter of the conus medullaris at the spinal level giving the 
highest bladder pressures on electrical stimulation of the 
dorsal surface of the conus. Nashold reported a good result 
in 16 of 27 patients followed for 3 to 10 years; however, the 
technique has not gained wide acceptance, perhaps because 
of the difficulty of identifying a location in the cord which 
could produce coordinated micturition. The availability of 
microelectrodes mounted on arrays of small silicon probes 
which can be inserted into the central nervous system may 
allow further research into this technique. 

Stimulation of the sacral anterior roots was developed by 
Brindley and colleagues.®” This site has the advantage that 
these roots do not usually contain sensory neurons, so 
direct activation of reflexes rarely occurs. The sacral ante- 
rior roots do, however, contain efferent neurons to both 
detrusor and external urethral sphincter. The lower motor 
neurons to the sphincter have a lower threshold for electri- 
cal activation than the parasympathetic efferent neurons to 
the detrusor, so it is possible to activate the sphincter with- 
out the bladder, but not usually the bladder without the 
sphincter. It used to be thought that attempts to produce 
voiding would therefore be ineffective and possibly danger- 
ous, by causing co-contraction of detrusor and sphincter. 
However, Brindley made use of the fact that the smooth 
muscle of the detrusor contracts and relaxes much more 
slowly than the striated muscle of the external urethral 
sphincter. Stimulation in bursts of a few seconds, separated 
by longer gaps, builds up a sustained pressure in the blad- 
der while allowing the external sphincter to relax rapidly 
between the bursts, causing urine to flow during these 
gaps.® Careful long-term clinical follow-up has shown that 
the brief co-contraction of the sphincter during the bursts 
does not cause bladder trabeculation or upper tract dam- 
age, and effective emptying of the bladder can be produced. 

Sensory nerves in the end organs can nevertheless 
respond to muscle activity, and this may produce reflex 
contraction, or failure to relax, at the sphincter even during 
the gaps between stimulation, a condition resembling 
detrusor-sphincter dyssynergia, which can hinder the flow 
of urine in some patients.” Sauerwein developed the 


addition of posterior sacral rhizotomy to this stimulation, 
carrying out both procedures simultaneously at the level of 
the cauda equina." This has the great advantage of reduc- 
ing not only reflex contraction of the sphincter but also 
reflex contraction of the bladder, increasing bladder capac- 
ity and compliance, protecting the upper tracts from back 
pressure, and abolishing reflex incontinence. It also abol- 
ishes autonomic dysreflexia triggered from contraction of 
the bladder or lower bowel. It does, however, have other 
disadvantages discussed below. 

If posterior sacral rhizotomy is performed, similar func- 
tion can be obtained by applying bursts of stimulation to 
the mixed sacral nerves whose afferent connections to the 
cord have been divided. Electrodes and cables can thus be 
implanted extradurally in the sacral spinal canal. The rhizo- 
tomy is still best performed intradurally where it is easier to 
separate sensory from motor roots. It is easiest to separate 
these where they diverge to enter the conus medullaris and 
the sensory roots can be divided with little handling of the 
motor roots. The combination of extradural electrodes and 
intradural rhizotomy at the conus was developed by Sarrias 
et al and is sometimes called the Barcelona technique." 
However, this involves a second laminectomy at the level of 
the conus. If there has been a previous spinal fracture or 
internal fixation at the thoracolumbar junction it is proba- 
bly safer not to risk destabilizing the spine at this level and 
to carry out the rhizotomy in the cauda equina. This can be 
done conveniently at the lower end of the dural sac through 
the same laminectomy used for implanting extradural 
electrodes (Figure 53.2). 


Methods 
Surgery 


General anesthesia should be carried out without anti- 
cholinergic medication, which could reduce bladder con- 
traction, and preferably without long-acting skeletal 
muscle relaxants so that lower limb muscle responses can 
be used to assist in identifying nerves. Laminectomy is car- 
ried out according to the technique selected from Table 
53.1. After opening the dura, sensory roots are distin- 
guished from motor roots by intraoperative stimulation 
using hook electrodes while recording bladder pressure via 
a urethral catheter. Under general anesthesia sensory roots 
do not produce bladder contraction, though they may pro- 
duce reflex contraction of the lower limbs and reflex rises 
in blood pressure which can be rapid. It is therefore advis- 
able to monitor blood pressure intra-arterially. After divi- 
sion of posterior roots, usually $2—S5 bilaterally, electrodes 
are implanted on the nerves or roots that produce bladder 
pressure on stimulation, usually S3—4. Electrodes may also 
be implanted on S2, even if these roots do not produce 
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Figure 53.2 

Alternative site of posterior rhizotomy with extradural 
electrodes. The lower end of the dural sac is shown held open 
with stay sutures to display the divided posterior roots; the 
electrodes have been attached to the sacral nerves caudal to the 
end of the dural sac. 


bladder pressure, for the purpose of producing penile erec- 
tion. The cables from the electrodes are passed subcuta- 
neously through a cannula, usually to a temporary pocket 
in the flank. After repositioning the patient, they can be 
passed subcutaneously to the front of the body, where they 
are attached to a stimulator implanted in a subcutaneous 
pocket over the lower chest or abdomen. Detailed instruc- 
tions are given in Brindley’s Notes for Surgeons and 
Physicians, available from the manufacturer.’ 


Equipment 


This includes implanted components, external compo- 
nents, and equipment used during surgery. Implantable 


intradural and extradural electrodes are shown in Figure 
53.3. Cables from the electrodes are connected via plugs 
and sockets to an implantable receiver (Figure 53.4). 
A 3-channel receiver is typically used if S2—4 are to be stim- 
ulated individually with intradural electrodes, while a 2- 
channel receiver can be used if S3 and S4 are stimulated 
by the same channel as is often done with extradural 
electrodes. 

The implantable components contain no batteries but 
are powered and controlled by radio transmission from an 
external controller programmed by the clinician and oper- 
ated by the user. Analog and digital versions of the con- 
troller are available; their batteries can be charged weekly. 

During surgery, hook electrodes connected to a battery- 
powered nerve stimulator are used for identification of 
nerves. Medical grade silicone adhesive is used to seal the 
connections between plugs and sockets. 

The equipment is approved by the US Food and Drug 
Administration as a Humanitarian Use Device and in 
Europe is CE Marked under the requirements of the Active 
Implantable Medical Device Directive 90/385/EEC. 


Preoperative investigation 


It is essential to know that the parasympathetic efferent 
fibers from the sacral cord to the bladder are capable of pro- 
ducing bladder contraction. This may be tested by cystome- 
try, in which it is desirable to see a reflex bladder contraction 
of at least 35 cm water in a woman and 50 cm water in a 
man." Anticholinergics may need to be stopped several days 
before this procedure, in which case it may be necessary to 
prepare the patient for increased incontinence and auto- 
nomic dysreflexia. The presence of other sacral reflexes such 
as the anocutaneous reflex, bulbocavernosus reflex, or ankle 
tendon reflexes and a history of reflex erection help to con- 
firm function of the sacral segments of the cord. 

It is also desirable to confirm adequate bladder capacity 
and exclude severe fibrosis of the bladder wall. This can usu- 
ally be determined from the patient’s history, particularly 
when using anticholinergics, but in case of doubt can be 
confirmed by repeating cystometry under spinal anesthesia. 

It is of course desirable to document urinary tract function 
thoroughly, as well as penile erection and bowel function. 
The appearance of the bladder neck on videocystometry 


Potential sites of surgery; criteria for selecting a site are given under Discussion 


Electrodes Posterior rhizotomy Laminectomies 
Classical technique Intradural Mid cauda equina 13-5 
Barcelona technique Extradural Conus medullaris S1-3 and T12-L1 
Alternative technique Extradural Low cauda equina S1-3 
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Figure 53.3 

Electrodes. On the right is shown an array of intradural 
electrodes, with three cables corresponding to S2, $3, and $4. On 
the left is shown a pair of extradural electrodes, for application 
to left and right sacral nerves at a given segmental level, with a 
common lead. Three pairs of extradural electrodes may be 
implanted for S2-S4 but more commonly the S3 and $4 nerves 
are stimulated together, allowing two pairs to be used. 


probably has prognostic value for stress incontinence, as 
described below.” Bladder diverticula are not necessarily a 
contraindication but may result in some persistence of uri- 
nary tract infection. Ureteric reflux or hydronephrosis is not 
necessarily a contraindication and may be a strong indication 
for posterior rhizotomy. If a subject has a suprapubic catheter 
it is probably preferable to revert to urethral catheterization 
before surgery to allow adequate closure of the stoma before 
generating bladder pressure with the stimulator. Prior blad- 
der augmentation, if successful, abolishes the ability of the 
bladder to generate pressure and therefore renders the patient 
unsuitable. 

Imaging of the lumbosacral spine can be used to exclude 
structural abnormalities. Separation of the spinal roots 
intradurally can be complicated by adhesions due to previ- 
ous subarachnoid hemorrhage (such as from a bullet or 
stab wound), spinal meningitis, or myelography with an 
oily contrast medium,” and magnetic resonance imaging 
(particularly with gadolinium enhancement) may aid in 
the preoperative detection of these adhesions’ as well as 
confirming the position of the conus medullaris. 


Postoperative management 


Extradural electrodes may be tested and brought into use 
on the first postoperative day. Cystometry and clinical 
examination should show that rhizotomy is effective; on 
the rare occasion that bladder reflexes persist it is easier to 


Figure 53.4 

Receivers. On the left is shown a 3-channel receiver and on the 
right a 2-channel receiver. During implantation, cables from the 
electrodes are attached to the receivers using plugs and sockets 
located within the vertical tubular structures. 


return to surgery and complete the rhizotomy before the 
wound is healed. It is wise to check residual volumes after 
stimulator-driven voiding for the first few days and adjust 
the stimulator if necessary with urodynamic monitoring of 
voiding pressure and flow rate. Many patients may have a 
high fluid output initially as a result of intravenous fluids 
or the habit of a high fluid intake, so it may be necessary to 
void frequently until this is adjusted. Overdistention of the 
bladder can result in poor contractility and the need to 
revert to catheterization until the bladder recovers. 

Some surgeons prefer to postpone the use of intradural 
electrodes for a few days after surgery to reduce the risk of 
leakage of cerebrospinal fluid along the cables, but the 
implant should be tested within 3-4 days; reduced 
responses at one week, particularly of somatic muscles, 
may indicate nerve damage due to handling at operation. 
The patient can, however, be reassured that the motor 
responses seen in the first week are likely to return.'” 

Delay in the use of the stimulator can contribute to post- 
operative constipation, but thereafter regular use of the 
stimulator usually improves bowel function, though 
patients may take a few weeks to adjust to a new bowel 
habit. Initial follow-up by telephone is helpful and there- 
after follow-up is recommended at 3 months and annually. 


Results 


This technique has been used in several thousand patients, 
primarily in Europe, where the intradural technique has 
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been predominant, with others in North America, the Far 
East, New Zealand, and Australia. The device is made in 
England and is commercially available in over 20 countries. 
Reports have been published from many single-center 
studies,!°!>!5-22 as well as multicenter studies?**° and sur- 
veys.””"8 The stimulator was the subject of conferences at 
Le Mans, France, in 1989,” Halifax, Nova Scotia, in 1992,°° 
Innsbruck, Austria, in 1996 and Sydney, Australia, in 2000. 


Micturition 


The majority of subjects with the stimulator use it rou- 
tinely for producing micturition at home 4—6 times per 
day. Of the 184 patients reported by van Kerrebroeck et al, 
157 (85%) used the stimulator alone; a further 4 required 
a subsequent sphincterotomy in order to use it and a fur- 
ther 8 combined its use with intermittent catheterization; 
7.6% did not use it for various reasons.” Residual volume 
in the bladder following implant-driven micturition was 
reduced in 151 patients (89% of users) to less than 30 ml, 
and in 95% of users to less than 60 ml. No user had a 
residual greater than 200 ml. 


Urine infection 


A substantial decrease in urinary tract infection is one of the 
main benefits of the technique, and has been reported by 
many groups following the use of the implant.’>!777?7??31 
The reduction in residual volume is probably the main rea- 
son for this, together with greatly reduced use of intermit- 
tent or indwelling catheterization. As a result, antibiotic use 
is also greatly reduced. 


Continence of urine 


Reflex incontinence due to spinal reflexes is abolished by 
posterior sacral rhizotomy from S2-5. Some female 
patients have reported that incontinence can return tem- 
porarily if they have a urinary tract infection; this is prob- 
ably a local reflex as a result of inflammation of the bladder 
wall, as it always improves following eradication of the 
infection. 

Stress incontinence may persist following surgery in 
10-15% of patients, particularly in those who have had pre- 
vious sphincterotomy or bladder neck resection. MacDonagh 
et al reported that the state of the bladder neck on videouro- 
dynamics prior to sacral rhizotomy appeared to have a bear- 
ing on subsequent continence. All patients in their series with 
a closed bladder neck preoperatively became continent, 
except one who had had two previous sphincterotomies; 
another patient with previous sphincterotomy but a closed 


bladder neck prior to rhizotomy became continent. 
However, 3 out of 4 patients with an open bladder neck pre- 
operatively had some degree of incontinence. Pre- or post- 
operative sphincterotomy appeared to be less of a risk to 
continence than bladder neck resection.'? Of 41 early users 
followed up for 5-13 years, 35 reported continence day and 
night; of the 6 who were not continent, 4 had had previous 
bladder neck resections; some of these patients had not had 
posterior rhizotomy.*” Stress incontinence may also occur 
de novo in a few patients; this is probably in those with an 
open bladder neck whose continence has been maintained 
preoperatively by hyper-reflexia of the external urethral 
sphincter; abolition of this hyper-reflexia may then result in 
stress incontinence. 

Most paraplegic patients dispense with urine collection 
devices, but some tetraplegic patients wear a condom and 
legbag because of their limited hand function. 


Urodynamics 
Bladder capacity 


Posterior rhizotomy dramatically increases bladder capacity 
by abolishing detrusor hyper-reflexia; urodynamic filling of 
the areflexic bladder is best limited to under 400 ml, to avoid 
stretching of the detrusor. MacDonagh et al showed that 
functional bladder capacity increased by at least 140 ml and 
an average of 404 ml (range 140-680 ml) in all patients who 
had posterior rhizotomy, an increase that was stastistically 
significant at the level of p <0.00001.'* Van Kerrebroeck 
et al, who took particular care not to overdistend the 
bladder postoperatively, showed in patients who had had 
posterior rhizotomy an average increase in cystometric 
capacity of 332 ml (p <0.001).*° 


Bladder compliance 


Since compliance is volume-dependent, it is desirable to 
compare it at the same volumes pre- and postoperatively; 
Van Kerrebroeck et al used the maximal preoperative cys- 
tometric capacity of each patient as this volume, and found 
that patients who had undergone posterior rhizotomy had 
a statistically significant increase in compliance from 8 to 
53 ml/cmH,O. The postoperative compliance at 500 ml 
was over 50 ml/cmH,0O in 12 of 13 patients.” 


Detrusor pressure 


Detrusor pressure can be controlled by programming the 
external controller, and fluctuates with bursts of stimula- 
tion. Pressures in the bladder during electrically activated 
micturition have been reported by several authors. 
Cardozo et al reported that the maximum voiding pressure 
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was, on average, 55 cmH,O with a range of 22- 
82 cmH,0.*4 Arnold et al recorded a mean peak pressure of 
88 cmH,O and mean trough pressure of 40 cmH,O, and 
concluded that this did not appear to be harmful." 
Madersbacher et al reported a mean peak pressure of 71 
cmH,0O (range 55-90 cmH,O) and noted that post-stimu- 
lus voiding did not appear to induce detrusor hypertro- 
phy.” In the first 50 patients to receive the implant, bladder 
trabeculation was reported to have decreased in 13 patients 
when followed up at 1-9 years, and no patient in this 
group showed evidence of increased trabeculation.* 
Van Kerrebroeck et al recorded a mean peak voiding pres- 
sure of 89 cmH,0.°? It is likely that voiding pressure is less 
significant for the upper tracts than storage pressure, which 
is usually reduced by posterior rhizotomy. 


Upper tracts 


The improvements in bladder capacity and compliance 
which follow posterior rhizotomy reduce the risk of upper 
tract damage and can result in improvement in pre-existing 
ureteric reflux or hydronephrosis.'° In a multicenter 
review of 184 patients, reflux was present in 9 patients 
before the operation. After implantation it was improved 
or abolished in 7 of these and persisted in 2. No patient in 
this group developed reflux with the use of the stimula- 
tor.” Eight of the 184 subjects showed upper tract dilata- 
tion preoperatively. Of these, the dilatation improved in 7 
and deteriorated in 1. No patient in this series developed 
upper tract dilatation de novo after implantation of the 
stimulator.’ 


+ 

Pain 

Stimulation is never painful in patients with complete 
spinal cord injury and almost never in patients who 
undergo posterior rhizotomy. Intradural stimulation of 
anterior roots would usually be expected to be painless, 
even without rhizotomy, since these roots are usually 
purely motor. However, among the first 50 patients, 
implanted over 20 years ago, all of whom had intradural 
implants but not all of whom had rhizotomy, 3 were unable 
to use the implant because of pain on stimulation, and 4 
others found use of the stimulator to some extent painful. 
All these patients had preserved pain sensitivity in the 
sacral dermatomes preoperatively.” It may be that current 
can sometimes spread from the intradural electrodes to 
activate nearby sensory roots, but a few patients have con- 
tinued to experience pain on stimulation in spite of a thor- 
ough sacral posterior rhizotomy. This led to the belief that 
some anterior roots can contain sensory fibers, which has 
been confirmed experimentally.’ A modified implant with 


a larger number of channels has been developed for use in 
such patients, to allow more selective stimulation of indi- 
vidual roots.'? Extradural stimulation of mixed sacral 
nerves would be unacceptably painful if pain sensitivity 
was present in the sacral dermatomes and rhizotomy was 
not performed. 


Autonomic dysreflexia 


The symptoms of autonomic dysreflexia associated with 
contraction of the bladder or lower bowel are greatly 
reduced by posterior rhizotomy. Slight rises in blood pres- 
sure may occur with stimulation in rhizotomized patients, 
perhaps as a result of somatic muscle contraction in the 
sacral segments, or the presence of afferent nerves in ante- 
rior roots, but these are not sufficient to prevent use of the 
device.*’ If rhizotomy were not performed, extradural 
stimulation of mixed sacral nerves would be likely to cause 
significant blood pressure rises, at least in patients with 
cervical and upper thoracic lesions. 


Nerve damage 


Accidental damage to motor nerve fibers at the time of oper- 
ation is less likely to occur with extradural electrodes than 
intradural, because of the greater surgical handling of ante- 
rior roots in the latter procedure and the lack of supporting 
fibrous tissue intradurally. It is dependent on surgical care 
and experience. It can be most sensitively detected by testing 
for any loss of skeletal muscle responses to the use of the 
stimulator during the first postoperative week, and may also 
become evident as a temporary loss of bladder response. It 
usually takes the form of neuropraxia or axonotmesis and is 
therefore temporary, but bladder responses may take from 2 
to 6 months to return as the axons regrow, thus delaying the 
use of the implant for micturition. 

Some patients have now been using the stimulator for 20 
years or more without apparent deterioration in nerve 
function. The histologic appearance of stimulated nerves 
was reported as normal in the case of 2 patients who died 
(one by suicide and one from myocardial infarction) after 
using the implant for 3 and 5 years, respectively.*! 


Leakage of cerebrospinal 
fluid 


Early intradural implants sometimes had leakage of cere- 
brospinal fluid along the cables passing through the dura. 
The implant has since been modified by the addition of a 
grommet to seal the cables to the dura, and the incidence 
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of this complication appears to have been greatly reduced. 
It is rarely a problem with extradural electrodes, even 
though the dura may have been opened in the vicinity of 
the cables to perform rhizotomy. 


Implant infection 


Infection of the implants has been rare, particularly since a 
technique of coating them with antibiotics was introduced 
in 1982. Rushton et al reported in 1989 that one out of 104 
coated implants had become infected, and in this case 
infection appeared to have been introduced at a subse- 
quent operation to close a leak of cerebrospinal fluid.*® 
Brindley reported a 1% infection rate for the first 500 
implants.” The infection rate for a variety of similar 
implants has been shown to be significantly reduced by 
antibiotic coating, but not by systemic perioperative 
antibiotics.** Nevertheless, many surgeons use systemic 
perioperative antibiotic prophylaxis aimed at both Gram- 
positive and Gram-negative organisms. 

If the receiver becomes infected and this is detected 
promptly before infection has spread along the cables, it is 
sometimes possible to divide the cables at a sterile location 
in the flank and remove the receiver, leaving the electrodes 
in place. If the infection has spread along the cables to the 
electrodes it is necessary to remove all the implanted com- 
ponents. In either case, vigorous treatment with antibiotics 
followed by a waiting period of at least 6 months is advis- 
able before reimplanting a stimulator. 


Implant reliability 


The implanted components have proved to be remarkably 
reliable. A survey of the first 500 implants showed that 
faults occurred on average once every 19.2 implant-years.*” 
The commonest site for faults has been in cables, which are 
sometimes mechanically damaged by movement. Repair or 
replacement of the device is usually possible, often with 
minor surgery, and special equipment is available from the 
manufacturer to facilitate repairs. '” 

Failures in the external transmitter have been more 
common and have primarily been due to breaks in the 
antenna lead, but do not require reoperation. 


Penile erection 


In about 60% of patients, sustained full erection sufficient 
for coitus can be produced by stimulation of $2, although 
not all of these patients use it for coitus.” In many of the 
remaining 40% of patients a partial erection is produced 
and this may be useful when attaching a condom for urine 


drainage. Some centers have reported less success with 
erection when using extradural electrodes; these require 
higher levels of stimulation to pass equivalent current 
through the epineurium, and some patients have had 
extradural electrodes implanted only on S3 and S4 nerves, 
but not on the S2 nerves which typically produce erection. 


Bowel function 


Stimulation, primarily of S3, produces contraction of the 
lower bowel as far proximal as the splenic flexure, reduces 
constipation, and increases the frequency of defecation, 
probably by enhancing colonic motility.“ By careful 
adjustment of the Finetech stimulator, MacDonagh et al 
were able to produce defecation routinely with the stimu- 
lator alone in 6 of 12 patients, and to reduce the time spent 
each week in bowel emptying from 2.5 hours to half 
an hour.** 


Costs 


A prospective three-center study in the Netherlands col- 
lected the actual costs of hospital care, self-care, and travel 
expenses associated with bladder function of 52 patients 
before and after the procedure and through 2 years of fol- 
low-up. A model of the long-term costs indicated a break- 
even point of approximately 8 years, after which the 
procedure resulted in reduced costs.” In the USA a retro- 
spective study of costs of bladder and bowel care in 12 
patients using structured interviews by a life-care planner 
indicated a break-even point of 5 years; the lower figure 
may be related to a shorter length of postoperative hospi- 
talization in the North American patients.” 


Discussion 
Selection of patients 


Patients with complete spinal cord injury above the conus 
medullaris and inefficient reflex micturition may be con- 
sidered at any time after the first few months of injury, par- 
ticularly if they have complications such as frequent or 
chronic urine infection, reflex incontinence resistant to 
medication, or autonomic dysreflexia triggered by bladder 
or bowel. 
In patients with incomplete injuries 


1. it is wise to wait until 2 years after injury to allow any 
recovery to occur 

2. it is necessary to determine whether the implant is 
likely to be painful 
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3. it is particularly important to weigh the advantages of 
posterior rhizotomy against any loss of function which 
it may cause. 


Some patients with multiple sclerosis are suitable, sub- 
ject to the reservations above. A few adult patients with 
suprasacral meningomyelocele may also be suitable, but 
the growth of young children might displace the electrodes 
if implanted in them. Betz and colleagues have investigated 
the use of extensible leads, and have implanted stimulators 
in patients as young as 14 after evaluation of their skeletal 
maturity.*°*” Children with spinal cord injury have a sig- 
nificant risk of developing scoliosis during adolescence, so 
it may be worth waiting until this is unlikely, or combining 
implantation with spinal instrumentation if that is needed. 

In assigning priorities the following generalizations may 
be of use: 


e Patients with complete spinal cord lesions are more 
straightforward to investigate and treat by this tech- 
nique than patients with incomplete lesions. 

e Women with reflex incontinence have more to gain 
than men, because of the lack of satisfactory urine col- 
lecting devices for females and the fact that they have 
less to lose from posterior rhizotomy. 

e Patients with recurrent infection have more to gain 
than those without. Those with persistently high reflex 
bladder pressures endangering renal function or with 
autonomic dysreflexia triggered by bladder or bowel are 
likely to benefit from posterior rhizotomy; this opera- 
tion provides the opportunity to implant a stimulator 
which then provides them with a preferable alternative 
to intermittent catheterization. 

e Men with poor or absent reflex erection have more to 
gain and less to lose than those whose reflex erections 
already suffice for coitus. 

e Paraplegic men are more likely to benefit from conti- 
nence, while some tetraplegic men may continue to 
wear a condom and legbag, at least during the day, 
because of difficulty in handling urine bottles and 
clothing. 


Selection of surgical 
technique 


Each of the techniques described above can produce excel- 
lent results in the hands of a careful surgeon who performs 
the operation sufficiently often to maintain skill. 

The classical technique, implanting intradural electrodes 
and performing the rhizotomy at the level of the cauda, has 
the advantage of a single laminectomy. There is a slight risk 
of cerebrospinal fluid leakage along the cables, and if the 
cables later break at the site of exit through the dura they 


are difficult to repair at this site; extradural electrodes can 
be added to restore function. If the rhizotomy at the cauda 
later proves to be incomplete it can be revised at the conus. 

The Barcelona technique, implanting extradural elec- 
trodes and performing intradural rhizotomy at the conus, 
has the advantage that it is easier to distinguish sensory 
from motor roots at the conus and little handling of the 
motor roots is necessary; in addition, the sacral nerves 
extradurally have a fibrous covering continuous with the 
dura and are more robust than the intradural anterior 
roots. It is therefore probably less likely that the motor neu- 
rons will be damaged by intraoperative handling, at least in 
the hands of a new operator. Extradural electrodes may be 
the only type possible if there is severe intradural arach- 
noiditis. If the rhizotomy at the conus proves to be incom- 
plete it can be revised within a few days at the same site or 
later at the cauda, provided that intrathecal bleeding has 
not led to arachnoiditis. 

The alternative technique, implanting extradural elec- 
trodes and performing rhizotomy at the lower end of the 
cauda, combines the advantages of a single laminectomy 
with those of the Barcelona technique, and avoids any risk 
of destabilizing the spine at the thoracolumbar junction if 
there has been a previous fracture or internal fixation at 
that level. It is slightly more difficult to identify all the pos- 
terior roots in the cauda than at the conus, so there may be 
a slightly higher incidence of incomplete rhizotomy. 

Extradural separation of sensory and motor fibers is diffi- 
cult and may damage the nerves, and is rarely performed.” 


Detrusor-sphincter 
dyssynergia 


Many of the complications of the neurogenic bladder are due 
to co-contraction of the external urethral sphincter or its fail- 
ure to relax, and many forms of electrical stimulation pro- 
duce contraction of the sphincter in addition to the detrusor. 
Several approaches to reducing sphincter contraction during 
electrical stimulation have been investigated. Tanagho et al 
used a variety of surgical procedures such as pudendal neu- 
rotomy, levatorotomy, pudendal nerve stimulation, and 
increasingly extensive posterior rhizotomy,”” but effective 
voiding was only produced in about one-third of subjects. 
Brindley and Craggs suggested the use of anodal block to 
prevent propagation of action potentials in the large 
somatic axons to the external sphincter while allowing 
propagation in the small parasympathetic fibers to the 
detrusor.” They demonstrated the principle experimen- 
tally and early models of the Brindley stimulator included 
the option of a triangular waveform for this purpose. This 
option was later omitted when clinical follow-up showed 
that post-stimulus voiding was safe and effective for void- 
ing, at least when combined with posterior rhizotomy. 


618 Textbook of the Neurogenic Bladder 


In our laboratory we showed in chronically spinalized 
dogs that anodal block could be used to produce contrac- 
tion of the bladder with little contraction of the external 
urethral sphincter. However, voiding was still hindered by 
reflex activation of urethral muscle unless posterior rhizo- 
tomy was performed.?” 

High-frequency stimulation can also be applied selec- 
tively to large axons to produce either fatigue or block, 
while allowing smaller axons and their muscles to be acti- 
vated. This has been applied by implants in chronically 
spinalized dogs in Montreal.” Although voiding pressures 
were not significantly different with selective stimulation, 
the urethral pressures were much lower and voiding was 
produced with low residual volumes without evidence of 
reflux over a 6-month period in these animals. 


The role of posterior 
rhizotomy 


Division of all the posterior roots from S2 to S5 can pro- 
duce substantial benefits to a patient with a neurogenic 
bladder; it can also have some significant disadvantages 
and has therefore been a subject of some debate. 

During the early 1980s sacral anterior root implants, 
using intradural electrodes to stimulate motor nerves, were 
often done without deliberate rhizotomy, though posterior 
roots may have been damaged accidentally in some cases.” 
Most of these patients had useful function, though some 
may have had persisting autonomic dysreflexia and some 
needed subsequent sphincterotomy. 

Tanagho et al reported extradural implants on 22 
patients, most of whom had other procedures to reduce 
outlet resistance; with increasing experience he com- 
mented that ‘more extensive dorsal rhizotomy is essential 
to achieve good voiding.” 

Talalla et al placed electrodes extradurally in 7 patients 
without posterior rhizotomy or pudendal neurectomy and, 
although initial results were promising,’ they subse- 
quently concluded that this combination was not effective.’ 

Kirkham et al recently implanted extradural electrodes 
without rhizotomy in 5 patients with spinal cord injury. 
Reflex bladder contraction was preserved and could be inhib- 
ited by using the electrodes to stimulate only afferent neurons 
in the sacral nerves, but voiding was hindered in several 
patients, probably by reflex contraction of the sphincter.” 

The major advantages of posterior rhizotomy are 


1. A great increase in bladder compliance and capacity 
(except in the few cases where poor compliance is due 
to fibrosis), thereby protecting the upper tracts from 
ureteric reflux and hydronephrosis. 

2. The abolition of uninhibited reflex bladder contrac- 
tions, thereby reducing reflex incontinence and the 
need for anticholinergic medication and its side-effects. 


3. The abolition of reflex contraction of the sphincter, 
thereby reducing detrusor-sphincter dyssynergia. 

4. The abolition of autonomic dysreflexia triggered from 
the bladder or rectum. 


The disadvantages of posterior rhizotomy include: 


1. The loss of perineal sensation if present. 

2. The loss of reflex erection and reflex ejaculation if pre- 
sent, although these are not always functional after 
spinal cord injury. Some patients are capable of a mod- 
ified form of orgasm by stimulating the sacral der- 
matomes after spinal cord injury, and this too would be 
abolished by sacral rhizotomy. Erection is commonly 
produced by the implant and even more effectively by 
injection of papaverine or prostaglandins into the cor- 
pora cavernosa. Seminal emission can now be produced 
from a high proportion of spinal cord injured men by 
rectal probe electrostimulation, even after rhizotomy, 
and the procedure does not damage the implant. 

3. The loss of reflex micturition and reflex defecation. The 
micturition produced by the implant is usually much 
more effective than reflex micturition, but if the 
implant is not used for any reason a patient will have to 
resort to intermittent or indwelling catheterization. 
Similarly, a patient with rhizotomy who uses the 
implant will generally become less constipated, but will 
be more constipated if the implant is not used. 


A decision about posterior rhizotomy should therefore 
be made in each case. Brindley suggests the following 
policy: 


e In women with complete lesions, who have less to lose, 
and much to gain from continence, complete posterior 
rhizotomy is usually advised. 

e In men with complete lesions and without useful reflex 
erection or ejaculation, the same policy may be fol- 
lowed, but if useful reflexes or sensation are present the 
advantages and disadvantages of rhizotomy should be 
discussed more thoroughly with the patient. 


The advantages of the combined procedure are such that 
implantation of the stimulator is now rarely performed 
without posterior rhizotomy, and this practice is likely to 
continue until a suitable alternative to surgical rhizotomy 
is found. 
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Central neuromodulation 


Philip EV Van Kerrebroeck 


Introduction 


A multitude of neurological disorders can affect the 
bladder and although the incidence of lower urinary tract 
dysfunction is different among the various neurological 
entities, an important percentage of patients develop void- 
ing dysfunction.’ Incontinence and poor evacuation of 
urine with residual urine and recurrent urinary tract infec- 
tions can cause important morbidity. In patients with 
spinal cord injury the lack of ability to control the storing 
and evacuation function of the bladder is one of the most 
prominent aspects of their handicap. 

Besides these bladder problems with a proven neurolog- 
ical basis, a vast group of patients suffers from lower uri- 
nary tract dysfunction without an evident neurological 
cause. These are patients with different forms of so-called 
idiopathic dysfunctional voiding. 

Therapeutic modalities are pharmacological treatment, 
eventually in combination with clean intermittent 
catheterization. Lifelong continuation of this therapy, 
however, is a major issue mainly because of side-effects. 
Furthermore, in most patients, especially in females, 
incontinence remains a problem even with maximal phar- 
macological treatment. The failure of pharmacological 
manipulation has led to the development of surgical 
approaches such as augmentation cystoplasty, sphincteric 
incisions, and artificial sphincter implantation. However, a 
considerable number of patients with neurogenic bladder 
dysfunction continue to have significant urological prob- 
lems although maximal classical therapy is applied. 
Therefore the use of electrical stimulation to control stor- 
age and evacuation of urine has become an important tool 
in the urological treatment of voiding dysfunction. 

The aim of electrical stimulation for voiding dysfunc- 
tion is to treat incontinence due to a lack of activity in the 
striated muscles of the urethral closure mechanism by 
improvement of the contraction of the sphincter mecha- 
nism or to overcome incontinence due to detrusor 
hyperactivity by reduction of detrusor contractions. 
Furthermore, electrical stimulation can be used to permit 
evacuation of a paraplegic bladder by provocation of 


detrusor contractions or to control micturition in the 
hyperreflex bladder by a combination of dampening of 
spontaneous reflex excitability and controlled activation of 
the detrusor. 

These aims can be fulfilled by stimulation of the efferent 
nerves to the lower urinary tract or by modulation of reflex 
activity as a consequence of stimulation of afferent nerves. 
Different modalities to apply electrical current to the lower 
urinary tract are available. Surface electrodes can be used 
as nonimplantable devices.’ Insertable plugs in the anal 
canal or the vagina are applied to treat incontinence.’ 
Intravesical electrostimulation is performed in children 
with meningomyelocele.** Implantable prostheses are 
available to induce bladder contraction in order to evacu- 
ate urine in paraplegic bladders or to control detrusor con- 
traction in hyperreflexic bladders.”™!! Another type of 
prosthesis permits the modulation of symptomatic voiding 
dysfunction such as urge incontinence, urgency/frequency 
syndrome, and retention.'”!? 


Electrical stimulation for 
chronic lower urinary tract 
dysfunction 


Chronic lower urinary tract dysfunction, such as urge 
incontinence, urgency/frequency syndrome, and bladder 
evacuation problems, presents a challenge. Most patients 
are initially treated conservatively with bladder retraining, 
pelvic floor exercises, and biofeedback. In the majority, this 
regimen will be supplemented with drugs. However, about 
40% of patients with these forms of lower urinary tract 
dysfunction do not achieve an acceptable condition with 
these forms of treatment and remain a therapeutic prob- 
lem. Alternative procedures with variable success rates 
such as bladder transection, transvesical phenol injection 
of the pelvic plexus, augmentation cystoplasty, and even 
urinary diversion are being advocated. 

During recent decades, functional electrical stimulation 
has gained interest in the treatment of this type of lower 
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urinary tract dysfunction. Different stimulation sites, such 
as the vagina or the anus, have been reported to be suc- 
cessful. Since the 1960s, transcutaneous neurostimulation 
applied to the third or fourth sacral foramen has been tried 
as a method of controlling functional lower urinary tract 
disorders.'* Unilateral sacral segmental stimulation with a 
permanent electrode at the level of the sacral foramen S3 
or S4 (sacral neuromodulation) can offer an alternative 
nondestructive mode of treatment for patients presenting 
with voiding dysfunction and chronic pelvic pain refrac- 
tory to conservative measures. Since 1981 a clinical trial has 
been underway to evaluate the effectiveness of this method. 
Since that time, experience has been gathered in the evalu- 
ation, surgery, and follow-up of patients presenting with 
voiding dysfunction and pelvic pain who have been treated 
with sacral foramen electrode implants.'* The goal of such 
treatment is to relieve the symptoms by rebalancing 
micturition control. 

The mode of action of this so-called sacral neuromodu- 
lation is still unclear but it has been hypothesized that the 
electrical current modulates reflex pathways involved in the 
filling and evacuation phase of the micturition cycle.'® 
Stimulation of Ad myelinated fibers of the sacral roots $3 
and S4 decreases the spastic behavior of the pelvic floor and 
enhances the tone of the urethral sphincter. The threshold 
for the somatic component of the spinal nerve that inner- 
vates the pelvic floor is lower than that for the autonomic 
component to the bladder. Therefore, simultaneous bladder 
contraction is avoided during stimulation. In many subjects 
the primary voiding dysfunction appears to begin with 
unstable urethral activity, which activates the voiding 
reflexes, leading to detrusor instability and the associated 
urgency, frequency, and incontinence. The inhibitory effect 
of the enhanced urethral sphincter tone suppresses detrusor 
instability and stabilizes detrusor activity. 

Ideal candidates for neuromodulation are patients 
presenting with urge incontinence, urinary urgency/ 
frequency, and evacuation problems. Patients who have 
failed numerous other therapies should not be excluded 
from neuromodulation as they often show an excellent 
response to this technique. 

Sacral neuromodulation is planned as a long-term treat- 
ment, but patients are first tested by means of a temporary 
trial stimulation for 3-7 days. This trial stimulation consists 
of two steps. The first phase is the acute testing, followed by 
the so-called subchronic phase. During an outpatient pro- 
cedure and under local anesthesia, one of the sacral foram- 
ina, preferably the third one, is punctured with a 20-gauge 
hollow needle. The proximal and distal tip of the needle is 
not isolated and allows electrical stimulation. 

Typical responses to stimulation of each nerve level are 
seen at both the local (perineum) and distant (foot and toe) 
sites. S3 stimulation produces a contraction of the levator 
muscles (bellows-like contraction) as well as detrusor and 
urethral sphincter contraction. Signs of $3 stimulation in 


the lower extremities include plantar flexion of the great 
toe. Subjectively, patients report a pulling sensation in the 
rectum during S3 stimulation, with variable sensations 
being perceived in the scrotum and the tip of the penis by 
men or the labia and vagina in women. S4 stimulation 
results in a contraction of the levator ani muscle (bellows- 
like contraction), with no activity being noted in the foot or 
leg. The sacral root at either site with the best clinical (sub- 
jective) or urodynamic response is selected and the intensity 
of the current adapted to the sensation of stimulation. 

Through the needle a temporary electrode is placed and 
the needle is removed. This electrode remains in the vicin- 
ity of the sacral root selected and passes through the sacral 
foramen, subcutaneous tissue, and the skin. When the 
acute motoric responses with stimulation are confirmed, 
the electrode is connected to an external stimulator. Then 
starts the subchronic phase of the trial stimulation. 
Patients will check the effect for 3-7 days based on voiding 
diaries. Urodynamic examination is a possible other 
control of the effect. 

Patients with a good clinical and preferably urodynamic 
result can be candidates for a permanent implant. This 
implant consists of a surgically implanted electrode with 
four contact points (Pisces quad lead Model 3886, 
Medtronic Inc., Minneapolis, Minnesota, USA) connected 
to a pacemaker (Interstim stimulator, Medtronic Interstim, 
Tolchenau, Switzerland). 

Implantation is performed under general anesthesia. 
After a midline incision over the sacrum, the fascia overly- 
ing the foramina at one side of the sacrum is opened, giv- 
ing access to the foramen selected. Acute stimulation with 
a needle will be repeated in order to confirm the motoric 
responses. The permanent electrode is positioned in the 
foramen with the four contact points in the neighborhood 
of the sacral nerve. The electrode is fixed to the posterior 
wall of the sacral with nonresorbable sutures and passed 
subcutaneously to an incision in one of the flanks. After 
closure of the wounds, the patient is placed in a lateral 
position. A subcutaneous pocket is created lateral of the 
umbilicus. The flank wound is opened and the electrode is 
connected with the pulse generator using a connection 
cable that is passed subcutaneously to an abdominal 
pocket. The pacemaker is fixed to the rectus fascia. Recently 
an alternative technique has been presented in which a 
gluteal pocket is created to receive the pulse generator. This 
method has the advantage that the surgery can be per- 
formed in one position. Furthermore, morbidity, especially 
pain at the implant side, seems to be reduced. 

Generally, low amplitudes (1.5 to 5.5 V, 210 us pulse dura- 
tion at 10 to 15 cycles/s) are sufficient for stimulation of the 
somatic nerve fibers. With these parameters, no dyssynergia 
of the bladder and striated urethral musculature is induced 
even when voiding is initiated with the stimulator on. 

Previous reports indicate an overall success rate of 
60-75% at initial trial stimulation." Of the patients 
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selected after subchronic trial stimulation who underwent 
permanent implantation, up to 83% have derived major 
benefit from the definitive procedure.!” This effect appears 
to be durable, as evidenced by the late results. However, 
about 20% of patients who respond well on trial stimula- 
tion fail to reproduce the same result after chronic stimu- 
lation. Based on clinical parameters it appears that patients 
with detrusor overactivity and urethral instability have the 
best result.'8 

The results of a multinational, multicenter clinical trial 
of this method have been presented." In a group of 155 
patients with therapy-resistant urge incontinence, 98 
(63%) reacted sufficiently on the temporary trial stimula- 
tion. Of these, 38 were followed for 1 year with a successful 
outcome in 30 (79%). 

Similar multicenter, multinational studies in patients 
with urgency/frequency and chronic voiding problems 
have been published with similar results.2°?! Also, with 
long-term follow-up, results seem to be persistent over 
time.” However after permanent implantation about 20% 
of patients with initially favorable PNE test results fail to 
respond for yet unknown reasons. Further research to indi- 
cate additional parameters that may be used as reliable pre- 
dictors of success is necessary. 

Neuromodulation seems to be an effective treatment 
modality in patients with various forms of lower urinary 
tract dysfunction. This technique is a valuable addition to 
our treatment options when conservative measures fail. 


References 


1. Wein AJ, Raezer DM, Benson GS. Management of neurogenic 
bladder dysfunction in the adult. Urology 1976; 8: 432-43. 

2. Bradley WE, Timm GW, Chou SN. A decade of experience with 
electronic stimulation of the micturition reflex. Urol Int 1971; 
26: 283-302. 

3. Godec C, Cass AS, Ayala GF. Electrical stimulation for incontinence. 
Technique, selection and results. Urology 1976; 7: 388-97. 

4. Merrill DC. The treatment of detrusor incontinence by electrical 
stimulation. J Urol 1979; 122: 515-17. 


10. 


11. 


12. 


13; 


14. 


15; 


16. 


17. 


18. 


19. 


20. 


21 


22. 


Fall M. Does electrostimulation cure urinary incontinence? J Urol 
1984; 131: 664-7. 

Katona F. Stages of vegetative afferentiation in reorganization of 
bladder control during intravesical electrotherapy. Urol Int 1975; 30: 
192-203. 

Seiferth J, Heising J, Larkamp H. Experiences and critical comments 
on the temporary intravesical electrostimulation of neurogenic 
bladder in spina bifida children. Urol Int 1978; 33: 279-84. 
Madersbacher H, Pauer W, Reiner E. Rehabilitation of micturition 
by transurethral electrostimulation of the bladder in patients with 
incomplete spinal cord lesions. Paraplegia 1982; 20: 191-5. 
Caldwell KP, Flack FC, Broad AF. Urinary incontinence following 
spinal injury treated by electronic implant. Lancet 1965; 39: 846-7. 
Brindley GS, Polkey CE, Rushton DN, Cardozo L. Sacral anterior 
root stimulators for bladder control in paraplegia: the first 50 cases. 
J Neurol Neurosurg Psychiatry 1986; 49: 1104-14. 

Tanagho EA, Schmidt RA, Orvis BR. Neural stimulation for control 
of voiding dysfunction: a preliminary report in 22 patients with 
serious neuropathic voiding disorders. J Urol 1989; 142: 340-5. 
Markland C, Merrill D, Chou S, Bradley W. Sacral nerve root stimu- 
lation: a clinical test of detrusor innervation. J Urol 1972; 107: 772-6. 
Schmidt RA. Advances in genitourinary neurostimulation. 
Neurosurgery 1986; 18: 1041-4. 

Habib HN. Experiences and recent contributions in sacral nerve 
stimulation for both human and animal. Br J Urol 1967; 39: 73-83. 
Schmidt RA. Applications of neurostimulation in urology. 
Neurourol Urodyn 1988; 7: 585. 

Thon WE, Baskin LS, Jonas U et al. Neuromodulation of voiding 
dysfunction and pelvic pain. World J Urol 1991; 9: 38. 

Bosch JLHR, Groen J. Sacral (S3) segmental nerve stimulation as a 
treatment for urge incontinence in patients with detrusor instability: 
results of chronic electrical stimulation using an implantable neural 
prosthesis. J Urol 1995; 154: 504-7. 

Koldewijn EL, Rosier PF, Meuleman FJ et al. Predictors of success 
with neuromodulation in lower urinary tract dysfunction: results of 
trial stimulation in 100 patients. J Urol 1994; 152: 2071-5. 

Janknegt RA, Van Kerrebroeck PhEV, Lycklama a Nijeholt AA et al. 
Sacral nervemodulation for urge incontinence: a multinational, 
multicenter randomized study. J Urol 1997; 157(4): 1237. 

Hassouna MM, Siegel SW, Nyeholt AA et al. Sacral neuromodulation 
in the treatment of urgency-frequency symptoms: a multicenter 
study on efficacy and safety. J Urol 2000; 163(6): 1849-54. 

Jonas U, Fowler CJ, Chancellor MB et al. Efficacy of sacral nerve 
stimulation for urinary retention: results 18 months after implanta- 
tion. J Urol 2001; 165: 15-19. 

Bosch JL, Groen J. Sacral nerve neuromodulation in the treatment of 
patients with refractory motor urge incontinence: long-term results 
of a prospective longitudinal study. J Urol 2000; 163(4): 1219-22. 


DD 


Intravesical electrical stimulation of the bladder 


Helmut G Madersbacher, Ferenc Katona, and Marianne Berényi 


Background 


Already in 1887 the Danish surgeon Saxtorph et al! 
described intravesical electrical stimulation (IVES) for the 
atonic bladder by inserting a transurethral catheter with a 
metal stylet in it and with a neutral electrode on the lower 
abdomen. In 1899 two Viennese surgeons, Frankl- 
Hochwart and Zuckerkandl,’ stated that intravesical 
electrotherapy was more effective in inducing detrusor 
contractions than external faradization. 

Intravesical electrotherapy with various types of direct 
electric current was started and practiced from 1957 in 
Budapest, Hungary, by Katona.’ It was used in adults to 
treat neurogenic bladder and rectum following spinal 
cord injury, operation for spinal tumor, herniated disc, 
kyphosis, and paralytic states of the gastrointestinal tract, 
as well as myelomeningocele (MMC) in children.*® 
Electroencephalography (EEG) studies revealed that 
intravesical electric stimulation of the bladder activated 
the urge to void simultaneously with vegetative orienta- 
tion.’ This was demonstrated in animal experiments. 
Clinical observations revealed that selected control stim- 
uli with cooled saline evoked no bladder contractions, 
and no urge to void. On the other hand, local anesthesia 
of the bladder abolished the effect of stimulation. 

Smooth and striated muscles with a network-like nervous 
system first appeared in the Cambrian period in the protome- 
dusae and other primitive crinoid coelenterates. Currently 
9000 species belong to the Crinoidea phylum. Medusae accu- 
mulate seawater under their umbrella, which is formed by 
smooth muscle cells with cross-striped muscle cells at the 
periphery. Medusae achieve rapid motion by expelling stored 
seawater. Thus, accumulation of fluid and its evacuation in a 
spray directed by a local network of nerve cells is a very old 
function. Katona!! demonstrated, in in-vivo experiments, that 
Cnidaria responds to drugs and electrical stimulation in a very 
similar way to the bladder. Electrical stimulation with direct 
interrupted quadrangular or exponential current changed 
tentacle movements in Hydra or umbrella activity in 
Medusae. The addition of lidocaine (lignocaine) to sea water 
abolished all actions of the electric current. 


Ebner et al”? demonstrated in cat experiments that 
intravesical electrostimulation (IVES) activates the 
mechanoreceptors within the bladder wall. Further basic 
research was undertaken by Jiang et al,!> who demon- 
strated that IVES at low frequencies (20 Hz) had a better 
modulatory effect than at higher frequencies. Jiang'* 
proved, in animal experiments, that IVES induced modu- 
lation of the micturition reflex due to an enhanced excita- 
tory synaptic transmission in the central micturition reflex 
pathway. The observed modulation may account for the 
clinical benefit of IVES treatment. 

The afferent stimuli induced by IVES travel along affer- 
ent pathways from the lower urinary tract to the corre- 
sponding cerebral structures. This ‘vegetative afferentiom 
results in the sensation of bladder filling/urge to void, with 
subsequent enhancement of active contractions and possi- 
bly also voluntary control over the detrusor (Figure 55.1). 

Colombo et al’® demonstrated that intravesical electro- 
stimulation also induces electrical changes on higher mic- 
turition centers, measured by EEG. The evaluation of 
viscerosensory cortical evoked potentials after transurethral 
electrical stimulation has been proved to be useful in deter- 
mining whether a patient is suitable for IVES or not.!° 


Technique 


It is essential to emphasize that IVES can be equally applied 
to diagnostic and therapeutic purposes. 

The technique involves a catheter, with a stimulation 
electrode (cathode) in it, being introduced intro the blad- 
der and connected to a stimulator. Saline (0.9%) is used as 
the current leading medium within the bladder. The anode 
(neutral) electrode (14 x 9 cm) is attached to the skin in 
an area with preserved sensation, usually in the lower 
abdomen or the arm (Figure 55.2). According to Ebner 
et al,” the following stimulation parameters have proved to 
be most effective in the animal experiment: pulse width, 
2 ms; frequency, 20 Hz; and current, 1-10 mA (Figure 55.3). 
Some researches use square unipolar pulses for continuous 
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Intravesical electrostimulation activates the mechanoreceptors within the bladder wall, thus increasing the efferent input from the 
bladder and consequently the efferent output to the bladder. (Reproduced with permission from Ebner et al.*) 


stimulation,” whereas others use intermittent stimulation 
with bursts and gaps that can be varied (1-10 s) along with 
the rise time and the time of the plateau within the burst. 
With intermittent electrostimulation, each therapy session 
takes 60-90 min, on a daily basis, 5 days a week, until the 
maximum response is reached. For patients who have 
never experienced the urge to void — e.g. children with 
myelomeningocele or children who have lost this ability — 
IVES is combined with a biofeedback training: on a water 
manometer attached to the system the patient is able to 
observe the change in the detrusor pressure (Figure 55.4). 
This way he is able to realize that the sensation experienced 
is caused by a bladder contraction. This external feedback 
also facilitates achievement of voluntary control. 


Results 


The results presented are based on 41 studies: nine are 
basic research papers (animal experiments and clinical 
research), one is a randomized controlled trial, there are 
two reviews with an editorial, one pro and one contra 
IVES, and the others are case series. 

IVES of the bladder is still a controversial therapy for 
patients with neurogenic detrusor dysfunction, although 
basic research during the last decade has evidenced the mech- 
anism of its action and its efficacy.'*'® At least, in animal 
experiments, optimal parameters have been determined.'*!® 


Figure 55.2 

IVES armamentarium: 1, Disposable catheter with the electrode 
in it; 2, battery-operated stimulator; 3, neutral electrode; 

4, saline (0.9%). 


The controversy about the value of IVES for detrusor 
rehabilitation is also reflected in an editorial, in which 
Kaplan” reported favorable results in 288 children who 
received at least one series (20 outpatient sessions, 90 min 
long): 87% of patients had control and voided or catheter- 
ized with sensations or had improved bladder compliance. 
Eighteen percent had gained full control, they voided 
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synergistically and were continent, whereas before they 
were either voiding poorly and incontinent or used clean 
intermittent catheterization and were more or less dry. 
Forty-four percent voided with sensation and were in 
biofeedback to try and gain control. Finally, in 13% the 
treatment failed, but the patients maintained their condi- 
tion. Moreover, the results seen in an ‘early’ group were 
followed up 10 years later. As long as no intervening neu- 
rosurgical insult occurred, less than 3% of cases needed to 
return for a tune-up to maintain their ‘healthy bladder’. 
The average number of daily sessions to achieve these 
results was 47. According to Katona,’ from 1958 to 1991 in 
adults and MMC children better results were published, 
with an average of 80 sessions in 802 patients (Table 55.1). 

In contrast, the results reported by Decter”® were less 
favorable. In 25 patients during a 5-year period with, all 
together, 938 sessions of stimulation, bladder capacity 
increased greater than 20% with regard to the age-adjusted 
and end-filling bladder pressure and showed clinically sig- 
nificant decreases in 28% of patients. In response to a ques- 
tionnaire, 56% of parents noted a subjective improvement in 


their children’s bladder functions. However, the urodynamic 
improvements achieved after IVES did not significantly alter 
the daily voiding routine in these children.” 

The only randomized controlled prospective clinical trial’? 
could not find differences between active and sham treat- 
ment; however, only 15 sessions were performed at first and 
another 15 sessions of IVES were applied after a 3-month 
hiatus. Moreover, the inclusion criteria were not defined. 

Other studies are either individual case-controlled stud- 
ies (Level of evidence 3B) or case series (Level of evidence 4). 
They cannot be compared due to different or non-defined 
inclusion criteria, different technique details (different time 
of electrostimulation, varying follow-ups), and because 
some had only a small number of patients included.” 
Gladh” presented the results of 44 children (mean age 10.5 
years), 20 of them with neurogenic bladder dysfunction: 
with a mean follow-up of 2.5 years, 64% had their bladder 
emptying normalized, 11 of 15 children on clean intermit- 
tent catheterization (CIC) had terminated catheterization, 8 
of them with neurogenic bladder dysfunction, 7 children 
had no remaining benefit of the treatment. 
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Figure 55.4 

With intravesical electrostimulation a feedback training is 
mediated by enabling the patient to observe the change of the 
detrusor pressure on a water manometer: the patient is able to 
realize when a detrusor contraction takes place. 


Prerequisites for successful 
intravesical electrical 
stimulation 


The most important condition for a treatment is a 
correct diagnosis with the help of electric stimulation 
(Figure 55.5). 

None of the research really focused on the inclusion cri- 
teria. According to the basic research, only those with some 
intact afferent fibers from the bladder to the cortex and 
those with spinal cord lesions, with the presence of pain 
sensation in the sacral dermatomes S3 and S4, can benefit 
from IVES. According to Nathan and Smith,“ the pathways 
of bladder proprioception and for pain lie close together. 
The value of viscerosensoric cortical evoked potentials 


from the bladder neck was demonstrated by Kiss et al.'° A 
precise indication seems to be one prerequisite for a good 
result. Regarding children with myelomeningocele, one 
must also take into account that myelomeningocele blad- 
ders at birth may have a threefold increase in connective 
tissue compared to normal controls.*! According to clinical 
experience, a significant decrease of receptors tempers the 
enthusiasm for IVES in this particular group of patients, 
though the cases are individually very different. 


Implications for practice 


Basically, intravesical electrotherapy is able to improve neu- 
rogenic bladder dysfunction, primarily by stimulating Ad 
mechanoafferents inducing bladder sensation and the urge 
to void and consequently increasing the efferent output 
with improvement of micturition and conscious 
control. Therefore, IVES is the only available option to 
induce/improve bladder sensation and to enhance the mic- 
turition reflex in incomplete central or peripheral nerve 
damage. However, proper indication is crucial and this type 
of therapy should only be applied in those with intact affer- 
ent fibers between the bladder and the cortex if possible, 
proved by the evaluation of viscerosensoric cortical evoked 
potentials. If these premises are respected, IVES is effective. 

IVES is safe; no side-effects have been reported, beyond 
an occasional urinary infection. The question of cost- 
effectiveness was raised by Kaplan,” who stated that the most 
commonly used alternative for these patients is bladder 
augmentation, which is ‘miles apart in terms of cost, dis- 
comfort and short- and long-term complications. 

One benefit of IVES was noted by most of the authors: 
improved sensation documents satisfactory long-term 
results. The patients with successful IVES get great satisfac- 
tion from knowing when their bladder is full and when it 
is time to catheterize or to void. Moreover, even without 
direct bowel stimulation, patients noted significant 
improvement in the warning of bowel fullness and gained 
greater control for their bowel movements. 


Results of 802 patients treated with IVES in the National Institute of Neurosurgery, Budapest 


Basic disease No of patients Normalized Improved Unchanged 
Spinal trauma 177 111 43 23 
Spinal tunor (p.op.) 247 156 59 32 
Prolapsed disc (p.op.) 162 102 39 21 
Spina bifida (children) 186 iy 45 24 
Others (spinal meningitis) 30 19 y 4 
No 802 505 193 104 
% 100 63 24 13 
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Figure 55.5 
Testing of cortico-evoked potentials from the bladder neck.'® 


IVES can only be effective with certain prerequisites, the 
most important being that at least some afferent fibers 
between the bladder and the CNS are intact and the detru- 
sor is able to contract. The method is safe, and no real com- 
plications have been reported. 


Therapeutic recommendations 


e The interrelation of diagnosis and treatment decides 
the appropriate parameters, individualized for each 
patients. 

e IVES is able to improve neurogenic bladder dysfunction, 
primarily by stimulating Ad mechanoreceptor afferents 
inducing bladder sensation and the urge to void and, 
consequently, increasing the efferent output with 
improvement of micturition and conscious control. 

e IVES is the only available option to induce/improve 
bladder sensation and to enhance the micturition reflex 
in patients with incomplete central or peripheral nerve 
damage. 

e Indication is crucial and IVES should only be applied if 
afferent fibers between the bladder and the cortex are still 
intact and if the detrusor muscle is still able to contract. 


e If these premises are respected, IVES is effective. 
e The ideal indication is the neuropathic — underactive, 
hyposensitive, and hypocontractile — detrusor. 


Conclusions 


IVES differs from all other electric stimulation methods in 
the direct administration of various types of interrupted 
DC current directly to the sensory input of the bladder, to 
its intramural receptor, and the afferent transport system 
to the brain in a noninvasive way. Its aim is to reactivate the 
normal physiologic control of the bladder by the patient. 
This is the reason why it cannot be applied in complete 
trans-section of the spinal cord. The pressure receptors of 
the bladder are the sensory ‘organs’ which transform elec- 
tricity to a bioelectric stimulus and propagate it through 
afferent sensory axons to the central nervous system. The 
fact that, in a significant number of patients, sooner or 
later, IVES can activate the urge to void proves that even 
the cortex is affected and that selective conscious voluntary 
bladder control can be reached. This is the ultimate goal of 
the therapy. 


In summary: 


e Basic research during the last decade has proved the 
underlying working concept. 

e The results reported in the literature are controversial, 
mainly because of different inclusion and exclusion 
criteria. 

e Inthe only sham-controlled study the treatment period 
is too short and the inclusion and exclusion criteria are 
not really defined. 

e The alternative may be either life-long intermittent 
catheterization or bladder augmentation. In this 
regards, IVES is cost-effective. 

e Itis worthwhile to apply intravesical electrostimulation, 
bearing in mind inclusion and exclusion criteria, espe- 
cially when trying to verify functioning afferent fibers 
between the bladder and the cortex. 


Further research 


There is definitely a need for placebo/(sham)-controlled 
prospective studies, with clear inclusion and exclusion 
criteria and clear definitions of the aims. De Wachter and 
Wyndaele (personal communication, 2001) demon- 
strated in animal experiments and models that the posi- 
tion of the stimulating electrode, as well as the amount 
of saline within the bladder, may be crucial for the 
effects, as has already been demonstrated in patients.® 
Additional research is needed to clarify this aspect 
of IVES. 
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Surgery to improve reservoir function 


Manfred Stöhrer and Jürgen Pannek 


Introduction 


Compensated bladder storage is a function that is decisive for 
the quality of life and life expectancy of patients with neuro- 
genic lower urinary tract dysfunction. It is characterized by 
low-pressure storage with physiologic storage pressure at an 
adequate volume as the maximum value. Storage pressure 
should not increase significantly before filling volume reaches 
300 ml. The volume at which pressure increase occurs is 
defined as the reflex volume.! A high reflex volume is the key 
to continence and protection of the upper urinary tract. If 
this condition cannot be achieved by medical treatment, a 
number of surgical interventions are available. Electrical 
stimulation and intestinal replacement are described else- 
where. The surgical procedures outlined here are effective for 
the majority of patients and are minimally invasive. 

Two prerequisites are fundamental: intact detrusor 
musculature (no fibrosis) and satisfactory management of 
bladder emptying, preferably by intermittent catheteriza- 
tion. Should detrusor elasticity be impaired by morpho- 
logic conditions, (partial) bladder replacement is the only 
option. These changes, caused by tissue scarring, are the 
result of ‘mismanagement’ over several years. When the 
patient is treated correctly, this pathology will seldom occur. 

In principle, to normalize the detrusor muscle its ner- 
vous supply can be altered by chemical receptor blockers, 
such as botulinum A toxin, which is the simplest and most 
promising method of ensuring compensated storage.” 

For nonresponders or when the effect is unsatisfactory, 
detrusor myectomy (partial autoaugmentation) is a possi- 
ble alternative.*° Some authors have expanded this simple 
intervention, with the use of omentum or gastrointestinal 
components to cover the mucosa at the site of the muscu- 
lar defect after surgery.°? 

Should these procedures fail, clam cystoplasty offers a 
compromise before embarking on extensive enterocysto- 
plasty.!° All three methods can help patients with 
both complete or incomplete lesions. Recently, bladder 
augmentation by tissue engineering techniques has 
been described."' Available for high and complete lesions, 
deafferentation by transection of the $2-S4 vertebral roots is 
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an additional procedure to completely block detrusor over- 
activity." In these cases, alternative emptying (preferably by 
intermittent catheterization) is necessary too, unless sacral 
root electrostimulation is applied.'*'* The establishment of 
a somatic-CNS—autonomic reflex pathway by a micro- 
anastomosis from the L5 ventral root to the S3 ventral root 
has been introduced as an experimental approach." 

Table 56.1 presents an overview of the surgical options 
that could improve storage function in patients with 
neurogenic detrusor overactivity. 


Botulinum A toxin injections 
in the detrusor 


Botulinum A toxin has been known for many years to be 
not only one of the most potent venoms but also a very 
effective drug for the suppression of chronic muscular 
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spasticity. It has been applied since 1980 to spastic striated 
muscles in many neurologic and orthopedic domains.'®*!” 
Esthetic plastic surgeons use it much more extensively.'® In 
urology, it was injected initially in the external sphincter to 
treat detrusor-sphincter dyssynergia.’” In 1998, detrusor 
injections were given to patients with neurogenic lower 
urinary tract dysfunction in Germany and Switzerland. 
The first results were published in 1999. 


Mode of action 


Botulinum toxin has several subtypes. Subtype A is the 
most effective: a product of Clostridium botulinum, it is a 
strong natural venom. The molecule is composed of light 
and heavy nucleic acid chains connected by a disulfide 
ring. It blocks presynaptic nerve endings at the cholinergic 
neuron and prevents acetylcholine secretion, leading to 
temporary chemical denervation and loss of nerve activity 
in the target organ. The process is reversible by nerve 
regeneration, as new nerve endings will sprout from the 
neuron and reconstitute connections to the target organ. 
The time course of this process is dependent on the target 
organ type and is individually variable; it takes roughly 
between 3 and 4 months in the urethral sphincter, and 
6—14 months in the detrusor. The average efficacy period in 
patients studied after detrusor injection is 10-12 months. 
Maximal efficacy is observed after about 2 weeks, remains 
pronounced until about 3 months after the injection, and 
then subsides slowly and continually. 

Three varieties of botulinum A toxin are available: Botox”, 
Dysport’, and Xeomin®. Concerning the use for detrusor 
injections, no data about Xeomin are available. Comparing 
Botox and Dysport, the efficacy ratio between these two 
products is about 1:3. Dysport demonstrates greater disper- 
sion. It thus appears rational to use a lower dilution to avoid 
its dispersion into the circulation. This mechanism may 
explain the isolated cases of generalized muscle weakness 
described in the literature.” We have not observed this effect 
in our patients who have been treated with Botox. 


Indication 


Botulinum A toxin injections into the detrusor are indi- 
cated when anticholinergic medication is not effective or 
not tolerated. As this procedure is the least invasive of all 
available options in these cases, it should be the method of 
first choice when conservative treatment fails. Its funda- 
mental prerequisite is an effective bladder emptying after 
the treatment. Our experience shows that aseptic intermit- 
tent catheterization is preferred. When the detrusor over- 
activity is enhanced by acute urinary tract infection, the 
action of the toxin is insufficient to suppress it, and 
episodes of reflex incontinence may occur. 


Figure 56.1 
Botulinum A toxin injection in detrusor trabecule. 


Method of application 


Botox 300 IU (or Dysport 750-1000 IU) are given for the 
treatment of neurogenic detrusor overactivity. The agent is 
dissolved in 15 ml saline and injected in 0.5 ml aliquots 
through a standard endoscopic needle (30 injection sites) 
over the entire muscle. For children, the dosage is reduced in 
relation to body weight. The injections are administered 
preferably in visible muscular structures (trabecules) (Figure 
56.1). The trigone and ureteric orifices are spared to prevent 
possible reflux. Thus, 10 IU Botox are injected at each site. 
An indwelling catheter is placed for 24 h. Antibiotic prophy- 
laxis is started preoperatively and continued for 1 week. 
After removal of the indwelling catheter the patient practices 
intermittent catheterization — most patients adopt this rou- 
tine before treatment. Peroperative anticholinergic treat- 
ment is continued during the first postoperative week and 
then, if possible, discontinued completely. 


Results 


In our center, 141 patients were treated from early 1998 
until October 2002: 222 treatment sessions were per- 
formed, including multiple treatments. The underlying 
condition was traumatic spinal cord lesion in the majority 
of patients, with small groups suffering from multiple scle- 
rosis or myelomeningocele. Patients with low bladder com- 
pliance caused by structural changes in the detrusor wall 
(fibrosis) secondary to neurologic disease were excluded 
from this treatment. Patients at risk from autonomic dys- 
reflexia or who preserved their bladder sensation were 
treated under local or general anesthesia. 

The condition of these patients and of those who were 
evaluated in cooperation with the center in Zurich was 
checked by videourodynamics preoperatively and at 12 and 
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Increase of cystometric capacity at 12 and 36 weeks after 
botulinum treatment. 
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Figure 56.3 
Increase of reflex volume at 12 and 36 weeks after botulinum 
treatment. 


36 weeks postoperatively. The parameters studied were 
reflex volume, maximal voiding detrusor pressure, cysto- 
metric bladder capacity, detrusor compliance, and conti- 
nence status (Figures 56.2-56.5). Patient satisfaction and 
the post-treatment dosage of anticholinergics were also 
recorded. Significant improvement of all parameters was 
achieved in nearly all patients (95%). Reflex volume and 
cystometric capacity showed considerable amelioration 
after 6 weeks and most responders (>90%) were continent, 
unless urinary tract infection was present. Spontaneous 
voiding was eliminated, and thus the residual was equal to 
the capacity. Treatment was successful, even in children. 
The condition of many patients with pre-existing auto- 
nomic dysreflexia improved significantly. It was not known 
why 5% of patients did not respond to botulinum A toxin 
injections, although immunity caused against the toxin by 
the presence of antibodies after earlier contact with it 
might be one reason. 

Blocked nerve endings regenerate slowly — after 36 weeks, 
the condition of patients had deteriorated in comparison to 
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Decrease of voiding pressure at 12 and 36 weeks after 
botulinum treatment. 
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Figure 56.5 
Increase of detrusor compliance at 12 and 36 weeks after 
botulinum treatment. 


that at 6 weeks, but was still significantly better than pre- 
operatively. The mean efficacy period in our patients was 
10-12 months. These results have been confirmed in a 
European multicenter study comprising over 200 patients. 

Repeated botulinum A treatment sessions did not result 
in any loss of efficacy. In our patients, 51 had two injection 
sessions, 21 had three, 6 had four, and 3 had five, and 
increased toxin tolerance was not found. 

Botox or Dysport application led to essentially similar 
outcomes, but generalized muscle weakness was observed 
in three patients after Dysport application. As discussed 
above, dispersion and dilution could have been determin- 
ing factors here; thus, we decided to reduce the dilution 
volume to 7.5 ml when using Dysport. Whether this will 
diminish or prevent the occurrence of these generalized 
adverse effects is still an open question. 

In summary, detrusor injections of botulinum A toxin 
represent an effective treatment for neurogenic detrusor 
overactivity. Because this therapy has not been approved by 
the medical authorities in most countries, its use should be 
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considered only with the appropriate precautions and 
documentation. 


Recent literature 


This procedure’ has raised much interest since its intro- 
duction, but, apart from conference reports, the number of 
publications in the literature is still sparse. Its mechanism 
of action has been studied in rats”! and preliminary trials 
have confirmed its efficacy also in myelomeningocele chil- 
dren.” Moreover, a first randomized, placebo-controlled, 
double-blind study has been presented, demonstrating the 
efficacy and clinical usefulness of the substance over a 
6-month period.” 


Partial detrusor myectomy 
(autoaugmentation) 


The basis of this therapy is partial removal of the over- 
active detrusor without compromising the underlying 
mucosa. It decreases storage pressure and increases blad- 
der capacity. The essential advantage of the procedure is 
its low invasivity and abstinence from covering the defect 
with intestinal tissue sections. This option remains available 


Figure 56.6 
The autoaugmentation procedure 
- (side view). 


when later, more invasive procedures might become 
necessary. 


Indication 


Aggressive detrusor overactivity that is refractory to con- 
servative treatment and that also does not respond to bot- 
ulinum A toxin can be corrected by autoaugmentation. 
After this treatment, intermittent catheterization is com- 
pulsory. The functional transformation caused by the pro- 
cedure needs time to be expressed. This period is at least 
1 year, and the procedure is contraindicated if enough time 
is not available due to the patient’s condition. Degenerative 
changes in the detrusor musculature, causing a reduction 
of anesthetic bladder capacity, are also a contraindication. 


Method 


The bladder anterior wall and dome are approached, and 
the peritoneum is freed from the bladder until about 
halfway down the bladder posterior wall. The bladder is 
filled to about 200 ml, and a circular section of the detru- 
sor muscle with a radius of about 4 cm around the urachus 
is resected. The mucosa is left intact (Figures 56.6 and 
56.7). The diverticulum created in this way will reduce 
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Figure 56.7 


Surgical view during the autoaugmentation procedure. 


storage pressure and improve bladder capacity after a 
period of 1-2 years. An indwelling catheter is left for 2 days 
when the mucosa has not been perforated during the pro- 
cedure. When mucosal perforation has occurred, the 
indwelling catheter is placed for a maximum of 2 weeks 
and is clamped intermittently for 3—4 days, putting a low- 
grade load on the diverticulum.*” In a few patients, ancil- 
lary injection with botulinum A toxin to accelerate the 
process of functional transformation has shown partial 
success. 

In 1989, Cartwright and Snow published a paper on a 
similar procedure in dogs and in a child.’ Also in 1989, we 
performed this for the first time in a man with an incom- 
plete spinal cord lesion. Cartwright and Snow attached the 
bladder to the iliopsoas, whereas we only do the simple 
resection. This simpler approach produces good results. 
The peritoneum remains closed, and covering of the defect 
is unnecessary. 


Results 


From 1989 to October 2002 we treated 93 patients by this 
method. After the introduction of botulinum A toxin injec- 
tions for the same indication, the number of autoaugmen- 
tations declined considerably, but nonresponders to 
botulinum A toxin are good candidates for autoaugmenta- 
tion. The efficacy of this procedure has been documented 
by videourodynamics, preoperatively, 6-12 weeks and 
1 year postoperatively, and at 1—2-year intervals thereafter. 
Its outcome parameters are improvement of incontinence, 
bladder compliance, maximum detrusor pressure during 
voiding, cystometric capacity, residual urine, reduced use 
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Bladder capacity and detrusor compliance after 
autoaugmentation. 
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Voiding pressure and residual after autoaugmentation. 


of anticholinergics, and patient satisfaction. All parameters 
are significantly ameliorated after a mean follow-up period 
of over 6% years in about two-thirds of patients (Figures 
56.8 and 56.9). Patients who have been lost to follow-up 
are rated as nonresponders. The patient population con- 
sists mainly of complete and incomplete spinal cord 
lesions, plus multiple sclerosis and myelomeningocele. The 
interval between surgery and a satisfactorily improved 
functional condition was 3 months to 2 years (Figures 
56.10 and 56.11). One woman who received an artificial 
sphincter after autoaugmentation and thus lost the oppor- 
tunity for overflow incontinence suffered a bladder rupture 
at 600 ml capacity. Her condition was resolved by surgery 
without any sequelae. Four patients submitted to further 
procedures with intestinal replacement. 
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It is of the utmost importance to realize that functional 
improvement does not occur immediately after treatment, 
but may take a long time. One of our patients had already 
elected for intestinal augmentation, but after 2 years a pos- 
itive result was obtained. Published modifications of the 
method, including covering the defect with omentum or 
intestinal sections, have not produced better outcomes. 
One major advantage of this uncomplicated procedure is 
that the peritoneum is not opened. Based on my 13 years 
of experience, I thus see no need to change it. 


Recent literature 


In a review comparing enterocystoplasty and detrusor 
myectomy,” it is stated that: ‘For most clinical indications 
detrusor myectomy has offered comparable success or sig- 
nificant improvement in bladder function without incur- 
ring the significant complication rate of enterocystoplasty- 


Figure 56.10 
X-ray views of female patient pre, and 1 and 7 years 
postautoaugmentation. 


Figure 56.11 
X-ray views of male patient pre (a) and 5 months after 
(b) autoaugmentation. 


Another review” attests that: ‘The principle of urothelial 
preservation, introduced by autoaugmentation, is very 
promising in the effort to create a compliant urinary reser- 
voir without metabolic disturbance and without the risk of 
cancer. In a review comparing Ingelman—Sundberg blad- 
der denervation, detrusor myectomy, and augmentation 
cystoplasty,” it is argued that augmentation cystoplasty has 
the highest success rate but a ‘much higher likelihood of 
early and late post-operative complications’ and, thus, the 
less invasive methods should be favored if feasible. Two 
long-term follow-up studies on children*®”° underscore the 
contraindication of hypertonic/poorly compliant bladders. 

In this author’s view, the use of backing tissue to 
cover the detrusor defect”?! does not contribute to 
improvement of the clinical result. The procedure, as pre- 
sented in this chapter, offers fast repair of nearly inevitable 
mucosal perforations. This is probably the reason why 
a laparoscopic access for this surgery has not become 
established.’ 
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Clam cystoplasty 


This relatively simple bladder augmentation with only 
slight peroperative risks inserts an intestinal segment in the 
bladder defect that is made by incision of the posterior 
bladder wall.!° The results so far are good,***° but the pro- 
cedure is far more invasive than autoaugmentation and 
might induce late complications from bowel use. 


S$2-S4 Deafferentation 


Another option to achieve a low-pressure bladder without 
intestinal patches is the intradural bilateral transection of 
the S2-S4 dorsal roots. Unlike the methods described 
above, this procedure is indicated only in patients with 
complete spinal cord lesions. Moreover, it is mandatory to 
exclude patients with a fibrotic low-compliance bladder. 
The transection causes complete detrusor acontractility — 
the bladder must be emptied by intermittent catheteriza- 
tion. As many of these patients have high-level lesions, the 
required dexterity is often unavailable. In those cases, com- 
bination with sacral electrostimulation (e.g. Brindley stim- 
ulator) is feasible. The ventral root stimulator can be 
implanted either intra- or extradurally. The patient can use 
an external, hand-held device for voluntary initiation of 
voiding, defecation, and penile erections. Whereas the 
overwhelming majority of the implants is effective for 
bladder and bowel control, results for erectile function are 
less satisfying.’°** In order to avoid detrusor-spincter 
dyssynergia, a so-called ‘post-stimulus voiding’ is used." 
By this technique, utilizing the different refractory times of 
the nerves supplying the bladder and the sphincter, the 
maximum bladder contraction occurs only after the 
sphincter contraction decreases. Improvement of the tech- 
nique might enhance the quality of stimulated voiding.” 
Deafferentation is also an option for patients with pro- 
nounced spasticity or dysreflexia who are able to handle 
intermittent catheterization. Patients must be informed 
about the adverse effects on their sexual functions (demise 
of lubrification, loss of reflex erection). 


Future research 


Lately, two new techniques have been introduced for the 
surgical treatment of neurogenic bladder dysfunction. 
Atala and coworkers developed a technique to avoid the 
use of bowel segments for bladder augmentation. 
Urothelial and bladder muscle cells obtained from a biopsy 
were grown in culture, and seeded on a biodegradable 
bladder-shaped scaffold. About 7 weeks after the biopsy, 
the autologous engineered bladder constructs were used 
for reconstruction and implanted either with or without an 


omental wrap. Follow-up range was 22-61 months (mean 
46 months). The volume and compliance increase was 
greatest in the composite engineered bladders with an 
omental wrap. The engineered bladder biopsies showed an 
adequate structure and phenotype.'' Despite several obsta- 
cles, this technique may possibly be helpful to avoid the use 
of bowel segments in selected patients in the future. 

Xiao and his colleagues studied the possibilties of bladder 
reinnervation. After various experiments, they developed a 
way to establish a somatic-autonomic reflex pathway. 
Following animal experiments, patients with complete spinal 
cord injury underwent ventral root micro-anastomosis, usu- 
ally between the L5 and S2/3 roots. With this technique, 
they claimed to control hyperreflexic bladder and detrusor- 
spincter dyssynergia in patients with suprasacral lesions. 
Encouraged by their preliminary results, they constructed 
artificial somatic-autonomic reflex pathways (skin—CNS— 
bladder reflex) in patients with hyperreflexic bladders and 
acontractile bladders, and in patients with spina bifida. 
Success rates up to 87%, regarding continence and volun- 
tary emptying by skin stimulation, have been reported.” 
However, a longer follow-up period and reproduction of 
the results by other centers are mandatory before this tech- 
nique might be considered as a surgical treatment option 
in these patients. 


Conclusion 


The procedures described in this chapter are sufficient to 
achieve compensated storage in the vast majority of 
patients. More complicated interventions, necessary for 
nonresponders, are described in other chapters of this 
book. 
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Introduction 


The bladder outlet in patients with neurogenic voiding 
dysfunction is subject to two main abnormalities: outlet 
underactivity, leading to urine leakage with increased 
intra-abdominal pressure; and nonrelaxing urethral 
sphincter obstruction, resulting in reduced urine flow at 
the time of bladder emptying.' This chapter is therefore 
divided into two sections: surgical treatment of the under- 
active or incompetent bladder outlet and surgical treat- 
ment of the nonrelaxing or hyperactive bladder outlet 
(detrusor-sphincter dyssynergia or DSD). Procedures cur- 
rently used to alleviate sphincteric deficiency in the neuro- 
genic bladder population are injection of urethral bulking 
agents, slings, artificial urethral sphincters, bladder neck 
reconstruction procedures, and bladder neck closure. The 
surgical options currently available for the treatment of 
intractable DSD are sphincterotomy, insertion of a tempo- 
rary or permanent urethral stent, balloon dilatation of the 
external sphincter, botulinum A toxin injection into the 
external sphincter, and use of a chronic indwelling catheter. 
The choice of surgical treatment depends on a number of 
factors, the most important of which are sex of the patient, 
the patient’s comorbidities and functional status, the sever- 
ity of urine leakage, whether or not the patient has had pre- 
vious anti-incontinence procedures, patient and caregiver 
preferences, and, last but not least, the experience and 
expertise of the surgeon. 

This chapter will focus on indications, surgical tech- 
niques, results, and complications of the various treatment 
options currently employed to treat bladder outlet pathol- 
ogy in the neurogenic bladder population. Literature deal- 
ing with the use of these surgical procedures in patients 
with non-neurogenic voiding dysfunction will not be 
discussed. Definitions and urodynamic terminology will 
conform to the recommendations published in the most 
recent report of the standardization subcommittee of the 
International Continence Society.' 


Surgical management of the 
incompetent bladder outlet 


Urethral bulking agents 


Introduction 


The first use of an injectable substance to treat urinary 
incontinence dates back to 1938 when Murless instilled 
sodium murrhate into the anterior vaginal wall." Since then, 
a number of advancements have been made in agent com- 
position, patient selection, and injection technique. Agents 
that have been employed for urethral injection include 
autologous fat, polytetrafluoroethylene (polytef, Teflon), 
bovine collagen (Contigen), and pyrolytic carbon-coated 
zirconium oxide beads (Durasphere). In 1984, Lewis et al 
performed periurethral Teflon injections in female patients 
with neurogenic bladder on intermittent catheterization 
and noted a favorable result on continence.” Subsequently, 
several investigators have published data on the use of 
urethral bulking agents to treat urinary incontinence in 
patients with neurogenic voiding dysfunction. Although the 
bulk of the literature deals with children, adults with neu- 
ropathic bladder have been addressed in a few case series. 
Since the majority of experience has been accrued with glu- 
taraldehyde cross-linked bovine collagen, and it is currently 
the most widely used bulking agent for the treatment of 
urinary incontinence, this section will focus on the results 
obtained with this substance. The Food and Drug 
Administration (FDA), secondary to problems with granu- 
loma formation and particle migration, has not approved 
Teflon for the treatment of urinary incontinence.’ To date 
there have not been any studies published dealing with the 
use of autologous fat or Durasphere in patients with neuro- 
genic bladder dysfunction. 

The use of bulking agents to treat incontinence has 
several advantages. Delivery is minimally invasive, relatively 
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Figure 57.1 

Correct placement of periurethral collagen. Injection should be 
at the proximal urethra in the submucosal plane. (Reproduced 
with permission from Functional Reconstruction of the Urinary 
Tract and Gynaeco-urology, 1st edn, 2002.) 


easy to learn, and entails low morbidity. Furthermore, treat- 
ment with injectable substances does not jeopardize the 
performance and efficacy of other anti-incontinence proce- 
dures later on. The liabilities of this technology stem from a 
lack of durability and poorer effectiveness when compared 
to other, albeit more invasive, treatment modalities. This 
disadvantage often leads to repeat injections, which can ele- 
vate the cost of a procedure already known to be expensive.* 


Collagen biocompatibility, durability, 
and allergenicity 


The collagen used for urethral injection is harvested from 
bovine corium, which is treated to decrease its antigenicity, 
and then cross-linked with glutaraldehyde to improve its 
durability and resistance to degradation by host collage- 
nase.” Comprised of 95% type I collagen and 5% type III 
collagen, it is marketed under the trade names Contigen, 
Zyderm, and Zyplast (Bard Corp, Atlanta, GA and Collagen 
Corp, Palo Alto, CA). Bovine collagen has weak antigenic- 
ity in humans with 1-3% of patients having a positive skin 
test.> Concerns over developing an autoimmune response 
to human collagen after injection with bovine collagen 
appear to be unfounded, since no direct relation between 
collagen injection and autoimmune disease has been 
demonstrated in clinical practice. The product is not 
latex-free, and for this reason, the manufacturer package 
insert states that a positive skin test may be more prevalent 
in myelomeningocele patients; however, no literature or 
experimental data exist to substantiate this finding. 
Bovine collagen was approved by the FDA for treatment 
of intrinsic sphincter deficiency in 1993. Since then, no 


reports of local or distant migration in animals or humans 
have surfaced. The host inflammatory response is mild and 
little granuloma formation occurs. The substance is sup- 
posed to undergo gradual degradation over the course of 
3-19 months and becomes a matrix for host collagen depo- 
sition and neovascularization.’” Three-dimensional ultra- 
sonographic imaging of the urethra,® however, has found 
persistence of bovine collagen in the tissues up to 4 years 
postinjection,’ indicating that resorption of this substance 
may be slower and more variable than was previously 
proposed.!° 


Mechanism of action 


In the neuropathic urethra, sphincteric deficiency is caused 
by denervation of the musculature of the bladder neck, 
proximal urethra, external sphincter, and pelvic floor.'? 
Collagen and other injectable agents theoretically work by 
increasing the length of bladder neck and proximal ure- 
thral mucosa apposition, thereby improving the efficiency 
of compression of the sphincter mechanism in response to 
increases in intra-abdominal pressure.'!!* McGuire et al 
have determined that injectable agents exert their mecha- 
nism of action by increasing the Valsalva leak-point pres- 
sure (VLPP), but not the detrusor leak-point pressure 
(DLPP) or voiding pressure.” This finding has been sub- 
stantiated by several other authors including Bomalaski 
et al, who found that in neurogenic bladder patients who 
experience clinical improvement with collagen injections, 
the VLPP increased an average of 26 cmH,O, compared 
with an increase of only 8 cmH,0O in patients who were not 
helped by the treatment.* 

Urethral bulking agents are not thought to increase 
bladder outlet resistance and, therefore, the pressure at 
which the bladder empties. For this reason, they are postu- 
lated to have an advantage in the treatment of neurogenic 
incontinence over slings and artificial sphincters, which 
may cause elevated detrusor pressures and upper tract 
deterioration.'*!° So far, there have been no reports of 
renal compromise related to the use of injectable agents. 
Chernoff et al, however, have reported significant postop- 
erative urodynamic changes in 3 children with neurogenic 
bladder who were treated with transurethral collagen injec- 
tions with decreased compliance and appearance of a 
DLPP where none had previously existed. These investiga- 
tors warn of possible bladder decompensation in patients 
with small-capacity, low-compliance bladders who 
undergo injection of urethral bulking agents.'® 


Delivery methods 


There are three methods for the injection of bulking 
agents in the treatment of stress urinary incontinence: 
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Figure 57.2 

(a) Intraoperative cystoscopic view of open proximal urethra 
before collagen injection. (b) Intraoperative cystoscopic view of 
properly coapted proximal urethra after collagen injection. 


periurethral, transurethral, and antegrade.'” Before the use 
of collagen, 0.1 ml of skin test collagen must be injected 
subcutaneously into the volar surface of the forearm and 
observed for 4 weeks to rule out sensitivity. If the test is 
negative, then collagen injections can proceed. The skin 
test must be readministered prior to any repeat collagen 
treatments. Prior to injection, all patients should have a 
negative urine culture and receive perioperative antibiotics 
to prevent urosepsis post-procedure. This is especially 
important for the neurogenic bladder population, in 
whom urinary tract infections (UTIs) and bacteriuria are 
common. Children require a general anesthetic, but most 
adults, especially if they are insensate below the waist sec- 
ondary to neurologic pathology, can tolerate the injection 


under local anesthetic or intravenous sedation. Some urol- 
ogists prefer to inject all patients under general anesthetic 
in order to have better control over placement of the sub- 
mucosal blebs. The patient is placed in the dorsal lithotomy 
position no matter which method of injection is used. 


Periurethral technique. This method is often used in 
women. The urethra is injected with 2% lidocaine 
(lignocaine) jelly, and 1% lidocaine is injected periurethrally 
at 3 and 9 o'clock. A 20-gauge spinal needle is inserted at the 
3 o'clock position and advanced under cystoscopic vision 
within the submucosal space toward the urethral lumen 
just distal to the bladder neck and proximal urethra. The 
bulking agent is slowly injected with the needle bevel facing 
the lumen until a mucosal bleb is raised. This process is 
repeated on the opposite side at 9 o'clock until the 
cystoscopic appearance of the lumen resembles that of 
lateral prostatic lobes meeting in the midline. 


Transurethral technique. Although preferred for males, 
this method is often used in females as well. It requires a 
21-24F cystoscope that can accommodate a 5F working 
element. A zero, 12, or 30 degree lens can be used.!8 The 
cystoscope is placed in the urethral lumen just proximal to 
the external sphincter and a needle delivery system (often 
20-gauge) is placed through the working port of the 
cystoscope. The submucosal space is entered at 3 or 9 
o'clock with the needle bevel pointing towards the urethral 
lumen. The bulking material is slowly injected until a 
sufficient bleb is raised. The process is repeated on the 
opposite side or anywhere else necessary to achieve good 
coaptation. Care should be taken to avoid more than one 
puncture at any single injection site in order to minimize 
extrusion. As with the periurethral technique, the 
cystoscope should not be advanced past the injection sites, 
because this can result in compression or extrusion of 
material and loss of the mucosal bleb. 


Antegrade technique. This approach was developed in 
an attempt to achieve better closure of the bladder neck 
in males with scarred, noncompliant urethras post- 
prostatectomy. It can also be used in children or adults 
with previous bladder neck reconstruction in whom the 
urethral passage may not be wide enough or compliant 
enough to accommodate a cystoscope of the caliber 
needed to employ the needle delivery system. It can be 
done under general anesthetic, intravenous sedation, or 
spinal anesthesia. The bladder is distended with irrigation 
fluid and a suprapubic cystotomy is performed under 
cystoscopic guidance, then dilated to allow placement of a 
sheath large enough to accommodate the cystoscope. 
Antegrade cystoscopy is performed and the material is 
injected submucosally around the bladder neck until 
coaptation occurs. A suprapubic tube is left in postoperatively 
for 24-72 hours. 
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Postoperative care 


Patients are discharged once they are able to void. If they 
go into retention, they can be taught intermittent catheteriza- 
tion with a small-caliber catheter. Some investigators place 
narrow-lumen urethral catheters for 24-72 hours post- 
procedure.”? If the patient was performing intermittent 
catheterization preoperatively, he can usually resume catheter- 
ization with an 8-12F tube the same day of the procedure with 
little fear of significant molding of the material." 


Indications and patient selection 


The role of injectable agents for the treatment of urinary 
incontinence in the neurogenic bladder population 
remains hard to define. Perhaps this is because there are no 
randomized controlled trials comparing one treatment 
modality with another in this subset of patients, and the 
literature mainly consists of case series comprised of small 
numbers and short follow-up. In examining these data, 
however, a few patterns emerge. 

It is often said that the ideal candidate for urethral colla- 
gen injection has a stable, compliant, good capacity blad- 
der with low VLPP.'*'° Many investigators believe that 
detrusor overactivity or decreased compliance should be 
treated with anticholinergics and/or augmentation cysto- 
plasty before attempting to treat an incompetent outlet 
with bulking agents.'*”° Perez et al, however, in their series 
of 32 patients with neurogenic bladder, found that the 
presence of detrusor overactivity and decreased compli- 
ance did not adversely affect the clinical outcome.’! 

In addition to its role in leakage prevention, injection of 
collagen into the bladder neck and proximal urethra has also 
been used to provide outlet resistance in order to increase 
the bladder capacity of children with exstrophy-epispadias 
complex prior to bladder neck reconstruction.” Although 
this technique has been successful in a small number of 
patients, not every author has found this to be the case.!° 

Many investigators regard urethral bulking agents as 
adjuncts to other forms of treatment, but do not believe 
them capable of providing a durable cure for incontinence 
in the majority of patients with neurogenic voiding dys- 
function when used as the sole source of interven- 
tion.'>!°> This is particularly true in the subset of children 
with exstrophy-epispadias complex who have undergone 
bladder neck reconstruction yet remain incontinent. Many 
of these patients were rendered dry or experienced sub- 
stantial improvement after collagen injection.!%!??! 
Bomalaski et al, in their study of 40 children with neuro- 
genic bladder, found statistically greater improvement in 
continence and postoperative satisfaction in the exstrophy- 
epispadias group than in the myelomeningocele group.* 

Groups of investigators in Canada have determined that 
preoperative urodynamic data could not predict the clini- 
cal result of collagen injection.'*”° Chernoff et al, however, 


in their series of 11 children, found that a preoperative 
VLLP of greater than 45 cmH,O was predictive of injection 
failure.'° A patulous bladder neck was thought to be a pos- 
itive predictor of success by Kim et al, whose series of 
patients undergoing collagen injection contained 8 chil- 
dren with neurogenic bladder, 4 of whom had this finding 
on examination and were dry postinjection. These authors 
speculated that this cystoscopic feature, although indicative 
of a severely incompetent bladder outlet, may be a sign of 
more pliable, less-scarred tissue which would allow for 
optimal injection and, therefore, improved long-term 
treatment success.”4 

Contraindications to the use of injectable collagen for 
the treatment of urinary incontinence are known collagen 
sensitivity (a positive skin test), untreated detrusor overac- 
tivity, and untreated urinary tract infection. Scarring sec- 
ondary to previous surgery or radiation treatment may 
decrease retention of collagen in tissue, thus contributing 
to its relatively poor efficacy. !™!° 


Results 


Analysis of the studies published in the last 10 years on 
treatment of urinary incontinence with collagen injection 
reveals that the benefits derived from this agent by patients 
with neuropathic voiding dysfunction are comparable to 
those seen in the non-neurogenic incontinence population 
(Table 57.1). The proportion of patients rendered dry 
ranges from 20 to 50% in the majority of studies, although 
cure rates as low as 5% have been reported. The improve- 
ment rate, which is often the only outcome stated, ranges 
anywhere from 15 to 76%. The data are difficult to inter- 
pret and compare, since there is no standard definition of 
cure and improvement, and these terms are not always 
clearly delineated within the methodology of each study. 

Most patients received between 1 and 4 injections, with 
the majority of responders having had only 1 or 2 treat- 
ments before assessment of clinical efficacy was made. The 
total volume of collagen injected ranged from 0.4 to 55 ml, 
with a total of less than 10 ml typically administered by 
most authors. In our experience, continence is rarely 
attained if a trial of 1 or 2 injections fails to achieve any 
improvement. We have employed three-dimensional ultra- 
sound (3DUS) of the urethra as an objective outcome mea- 
sure to aid in the decision as to whether or not to offer 
repeat collagen injection to patients who have failed to 
experience clinical improvement.*” A treatment algorithm 
based on clinical outcome and 3DUS findings can be help- 
ful in determining if additional collagen injections might 
be beneficial.'!° The administration of further collagen may 
be costly and delay more effective treatment. If a patient 
has poor retention of collagen or has some loss of an ini- 
tially good result, reinjection may be an option. If a patient 
has good retention of collagen, yet still has symptoms, they 
will likely do better with another form of therapy. 
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Advantages and disadvantages of fascial bladder neck sling and artificial urinary sphincter (AUS) 


Surgical option Advantages Disadvantages 
Bladder 1. No foreign body insertion 1. Majority of patients must 
neck sling 2. ‘Pop-off valve — allows leakage to occur at high catheterize to empty bladder 
intravesical pressure, protecting upper tracts 2. Less efficacious in males 
3. No concern with contamination of surgical field than females 

and infection seeding when performing 
a concomitant bladder augmentation 

AUS 1. Highly effective even for severe outlet incompetence Risk of revision for mechanical failure 


2. No‘pop-off? valve — may lead to upper tract 


. Risk of infection and erosion 


deterioration in patients with poor preoperative 
compliance and high intravesical pressures 
3. Allows some patients to void spontaneously 


without need for catheterization 


Although most studies reported moderate treatment 
efficacy with follow-up of 1-6.3 years, some investigators 
found collagen to be disappointing in terms of treatment 
outcome. In 20 children with neurogenic stress inconti- 
nence, Sundaram et al reported only 30% improvement in 
leakage status postcollagen injection, while the rest experi- 
enced transient improvement lasting an average of 52 
days.” In children with myelomeningocele on intermittent 
catheterization, Kassouf et al found that only one-quarter 
of patients had a durable treatment response, with the rest 
failing at 3 months.” Suboptimal outcomes have been 
attributed in part to disruption of the collagen blebs by 
catheterization shortly after injection, but Sundaram et al 
did not find any difference in the outcome between 
patients on intermittent catheterization and those who 
voided spontaneously.” 

Complications have been few and minor, consisting of 
UTI, urosepsis, epididymo-orchitis, transient difficulty 
with catheterization, and temporary worsening of urinary 
incontinence.'''®?! One patient sustained a bladder perfo- 
ration requiring laparotomy and operative repair 3 days 
after injection which was felt by the investigators to be sec- 
ondary to overfilling at the time of the procedure and sub- 
sequent difficulty emptying the bladder completely. "° 


Conclusion 


In summary, treatment of stress urinary incontinence with 
glutaraldehyde cross-linked bovine collagen in the neuro- 
genic bladder population has been demonstrated to be safe 
and variably successful, with follow-up extending past 5 
years. Almost all the literature, however, deals with chil- 
dren, and very few data exist for adults with spinal cord 
injury or other acquired forms of neuropathic voiding dys- 
function. Children with exstrophy-epispadias who have 
had previous bladder neck reconstruction have been found 
to be suitable candidates for collagen injection, as have 


patients with myelomeningocele. The relative efficacy of 
injectable agents, coupled with their minimally invasive 
nature and ease of administration, has continued to fuel 
the search for novel substances. Animal and human studies 
examining the feasibility of submucosal injection of autol- 
ogous ear chondrocytes and autologous muscle-derived 
cells are currently underway in an attempt to find more 
durable, more biocompatible, and less allergenic alterna- 
tives to bovine collagen.” The ideal injectable agent has 
not yet been devised. 


Bladder neck slings and 
wraps 


Introduction 


The fascial sling and the artificial urethral sphincter (AUS) 
are the two most commonly employed surgical treatments 
for patients with urinary incontinence secondary to neuro- 
genic outlet incompetence. The pros and cons of bladder 
neck sling and artificial urethral sphincter are listed in 
Table 57.2. The issue of how much tension to place on the 
fascial sling is not as problematic in the neurogenic bladder 
population as it is in patients with stress urinary inconti- 
nence (SUI), since retention in a patient with neurogenic 
bladder who already performs intermittent catheterization 
(IC) is usually a treatment goal rather than a complication. 
Furthermore, the incidence of tension-induced erosion is 
low when autologous fascia is utilized as the sling material. 
Unfortunately, long-term experience with the bladder 
neck sling in the neurogenic bladder population is seldom 
reported, with most case series documenting mean 
follow-up times of less than 4 years. It is thus unknown 
whether or not the fascial sling in young women with 
myelomeningocele may be disrupted by pregnancy and 
childbirth.” 
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Figure 57.3 
Placement of rectus fascia sling in a male patient. Sling is placed 
at the bladder neck posterior to the seminal vesicles. 


Indications and patient selection 


The ideal candidate for this procedure is a female patient 
with bladder outlet incompetence, preserved urethral 
length, and a well-managed bladder on IC. 

Whether or not to perform enterocystoplasty in addition 
to a procedure to occlude the bladder outlet is a complex 
decision based on preoperative urodynamic and radi- 
ographic assessment. Bladder augmentation alone may be 
sufficient to cure incontinence in some neurogenic bladder 
patients despite low outlet resistance,” particularly in male 
children who have the potential for increased outlet com- 
petence with pubertal prostate growth. Conversely, sup- 
porting the bladder neck with a sling may be enough to 
abolish leakage if the preoperative urodynamic assessment, 
performed with some form of bladder outlet occlusion, 
shows a stable bladder with sufficient capacity and normal 
compliance.” Whether or not to perform both procedures 
together, or to do one before the other, is somewhat con- 
troversial. In general, a cystogram showing a wide open 
bladder neck and a VLPP less than 30 cmH,0O are indica- 
tions of intrinsic sphincter deficiency, in which case a 
procedure to improve bladder outlet competence is recom- 
mended. Adherence to these guidelines, however, cannot 
always predict the patient’s postoperative status. As Kreder 
and Webster demonstrated, a bladder neck sling may cause 
de-novo detrusor overactivity (DO) or decreased bladder 
capacity and compliance if performed without entero- 
cystoplasty, despite a preoperative urodynamic work-up 
documenting normal detrusor parameters.” To avoid sub- 
jecting the patient to a second operation, some investigators 
have advocated the routine performance of concomitant 
enterocystoplasty and rectus fascial sling in all patients with 
neurogenic incontinence?! One such proponent of this 


practice, Decter, found that the rate of postoperative leak- 
age was higher in patients who did not undergo bladder 
augmentation along with bladder neck sling compared 
with patients who had both procedures.*! The downside of 
this systematic approach, however, is that even though it 
saves some patients the morbidity of a second surgery, it 
may needlessly subject some others to the risks of entero- 


cystoplasty. 


Surgical techniques 


Prior to undergoing a bladder neck sling, patients must have 
a negative urine culture. Perioperative broad-spectrum 
antibiotics are administered and, if a bladder augmentation is 
performed, they are continued postoperatively for a few days. 

A bowel preparation should be considered in all patients 
undergoing concomitant enterocystoplasty. When per- 
forming both a sling and a bladder augmentation, the 
fascial harvest and bladder neck dissection are usually per- 
formed prior to the augmentation. Once the augmentation 
is completed, the fascial sling is positioned and secured in 
place. 

A midline incision provides the best exposure if an ente- 
rocystoplasty is also to be done, but a Pfannenstiel incision 
can be employed, staying extraperitoneal, if only a sling is 
required.” The bladder neck dissection is often done 
via the abdominal incision, but a transvaginal or combined 
transabdominal-transvaginal approach can be employed in 
adult women, and has even been accomplished in adolescent 
girls with the help of a mediolateral episiotomy.” In the 
transabdominal dissection, the endopelvic fascia is incised 
bilaterally, the bladder neck and proximal urethra are freed 
circumferentially, and a Penrose drain is placed around the 
bladder neck. A finger in the vagina, or the rectum in males, 
can aid in the posterior dissection.’ Some surgeons prefer 
just to clear a tunnel beneath the bladder neck rather than 
mobilizing around it completely.*’ In males, the dissection is 
identical to that performed for AUS bladder neck cuff place- 
ment, in that a plane is entered posterior to the bladder neck 
but anterior to the seminal vesicles.*4 The transvaginal dis- 
section, if employed, is approached via a vertical midline or 
inverted U incision in the anterior vaginal wall. The incision 
should extend from 1.5 cm proximal to the urethral meatus 
to 1 cm proximal to the bladder neck, which is identified 
with the aid of the balloon of a urethral Foley catheter. The 
vaginal mucosa is dissected off the underlying periurethral 
fascia to expose the urethrovesical junction. After perforat- 
ing the endopelvic fascia, the retropubic space is entered on 
either side of the bladder neck using a combination of sharp 
and blunt dissection. This dissection allows a ligature carrier 
to be passed safely from the suprapubic region to the vaginal 
area under fingertip guidance. 

A strip of autologous rectus fascia 1.5-2 cm in width and 
6-10 cm in length is usually employed, although fascia lata 
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Figure 57.4 

Correct placement of rectus fascia sling at the proximal urethra 
in a female patient (arrows indicate superior and inferior 
edges of the rectus sling). 


may also be used. Marlex slings have also been placed, but 
the likelihood of infection and erosion is increased com- 
pared to autologous fascia.** The rectus fascia can be har- 
vested transversely or longitudinally as a free graft, or one 
end of the fascial strip may be left attached to the anterior 
abdominal wall as a pedicle and secured to the opposite rec- 
tus sheath. In males, the sling is usually placed around the 
bladder neck and superior aspect of the prostate, although 
some surgeons place it around the distal prostatic urethra, 
where coaptation may be easier to achieve.” In females, the 
fascial strip is positioned around the bladder neck and prox- 
imal urethra. The sling is often sutured to the lateral edges of 
the bladder neck with absorbable suture to prevent rolling 
and displacement that may cause excessive urethral angula- 
tion or compression. If employing a free fascial graft, a zero 
or number one polypropylene stitch is passed through each 
end of the graft before the sling is positioned around the 
bladder neck. When the operation is done transvaginally, the 
sutures are brought out through the lower anterior abdomi- 
nal wall using a ligature carrier passed through the retropu- 
bic space into the vaginal incision under fingertip guidance. 
The sutures are then tied down suprapubically at the end of 
the procedure. Some investigators have used Gortex bolsters 
or pledgets to prevent suture pull-through,’”* but this is not 
essential. Alternatively, the edges of fascia can be secured to 
Cooper’s ligament? or the symphysis pubis.*! 

Several techniques have been recommended to optimize 
sling tension. In patients with neurogenic bladder on IC 


there is little concern with causing retention, but one 
should avoid tying the sutures too tightly to prevent ure- 
thral erosion and atrophy.” Elder describes filling the blad- 
der with saline via a suprapubic tube and increasing 
tension on the sling until urethral leakage no longer occurs 
with manual bladder compression.” Other authors have 
tied the sutures so that no further movement of a Foley 
balloon at the bladder neck occurs, or so that 1 or 2 fingers 
can be placed between the knots and the fascia.” The sling 
sutures can also be tightened under cystoscopic control 
until the bladder neck appears closed.*!** Decter has sug- 
gested that, because of the prostate bulk, more tension 
needs to be applied to the sutures in males than in females 
to achieve adequate urethral elevation and compression.*! 
The surgeon should ensure that catheterization can be 
performed before finalizing sling tension.” 

Some surgeons leave a suprapubic tube and urethral 
Foley catheter in postoperatively, remove the Foley catheter 
within 1-2 weeks, and then the suprapubic tube once 
catheterization can be performed with no difficulties. 
Others leave just a suprapubic tube, which is removed after 
1-3 weeks, depending on whether or not an enterocysto- 
plasty was also performed. 

Wrap procedures in which a pedicle of bladder detrusor, a 
strip of rectus fascia, a distally based rectus/pyramidalis 
myofascial flap, or a strip of soft polyprolene mesh is used to 
encircle the bladder neck completely have been employed by 
various authors in order to provide circumferential compres- 
sion, tapering, and suspension of the bladder outlet.’ In 
some cases, one end of the wrap is secured to the anterior 
abdominal wall fascia in order to elevate the bladder 
neck.” It has been theorized that catheterization may be 
easier with the bladder neck wrap than with the sling, since 
the suspending force is evenly distributed around the blad- 
der neck, thereby avoiding urethral kinking.*>** 

Some investigators, in addition to placing a sling sup- 
port beneath the bladder neck, have tapered it to improve 
urethral coaptation and reduce sling tension, in an attempt 
to decrease the likelihood of erosion.** Techniques which 
have been described include excising a full-thickness dia- 
mond of tissue along the anterior aspect of the bladder 
neck and reapproximating the edges of mucosa and detru- 
sor muscle with absorbable sutures, or, alternatively, excis- 
ing full-thickness wedges of anterior bladder neck and 
prostate from the edges of a vertical midline incision 
extending to the level of the verumontanum, and tapering 
it over a 16F catheter.” 


Results and complications 


The literature on bladder neck slings to treat neurogenic 
urinary incontinence consists largely of case series, made 
up of pediatric or a mixture of pediatric and adult patients 
(Table 57.3). Mean follow-up ranges from 9 months to 4.5 
years. Published success rates depend on the definition of 
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dryness used by the author. Continence has been described 
as no leakage occurring in between intermittent catheteri- 
zation intervals of 3—4 hours or more, wearing less than 
1 pad per day, or dry during the daytime only, with no con- 
sideration given to nocturnal incontinence. Most investiga- 
tors report overall continence rates greater than 70%, with 
women faring better (85%) than men (69%) in some stud- 
ies.™3133-33 Kurzrock et al suggest that this discrepancy in 
sling effectiveness between the sexes may be because the 
prostate makes it more difficult to close and elevate the 
proximal urethra.” Fascial bladder neck wraps have not 
been found to be any more effective at preventing urinary 
leakage than slings.**?”*8 

Complications specific to the rectus fascia sling are rela- 
tively rare and include sling breakdown resulting in post- 
operative leakage as a result of fascial breakage or suture 
pullout and urethral erosion.*!*” The urethra may become 
angulated, resulting in difficulty with catheterization or 
retraction of the meatus into the vaginal introitus.” Care 
needs to be taken when passing a cystoscope via the urethra 
post-sling insertion. Elder” and Barthold et al?” have 
described cases in which patients who were initially dry 
after surgery became incontinent after the performance of 
transurethral instrumentation. Bladder perforation may 
occur in patients with augmented bladders and bladder 
neck slings who are not compliant with IC, or in whom 
catheterization has become difficult.*°°”° Other reported 
complications are incisional hernia, de-novo DO, 
retroperitoneal hematoma, and bladder neck contracture 
when the outlet is tapered along with sling insertion.*”** 


Conclusion 


The rectus fascia bladder neck sling has been shown to be 
a versatile and valuable addition to the armamentarium of 
the reconstructive surgeon. Despite its lower rate of success 
in males with neurogenic incontinence, the lack of require- 
ment for foreign materials and relative ease of implanta- 
tion make it an attractive option for treatment of the 
incompetent reservoir outlet in a wide variety of patients. 
The long-term durability of the bladder neck sling, how- 
ever, is still unknown. This is an important consideration, 
particularly for children, in whom the procedure may have 
to last decades. Many authors speculate that with growth 
the sling should maintain its functional obstruction of the 
bladder outlet, but longer follow-up is required. 


Artificial urinary sphincters 
Introduction 


Ever since the first published clinical report in 1973 by 
Scott, the AUS has been used extensively to treat sphincteric 


incontinence.“ High rates of efficacy and patient satisfac- 
tion, but also substantial revision rates secondary to 
mechanical failure as well as problems with infection and 
erosion resulting in sphincter removal have been reported. 
The high initial cost of the device, compounded with the 
cost of replacing components when they malfunction or 
wear out, makes it an expensive treatment option. Despite 
its availability since the 1970s, concerns have also been 
raised regarding silicone shedding, particularly in children, 
since the long-term sequelae of silicone migration is 
unknown.” There have been relatively few large series of 
AUS use in neurogenic patients, and there are no con- 
trolled trials comparing its efficacy to that of fascial slings 
or bladder neck reconstruction. 


History and design evolution 


The AUS 800 represents the culmination of a number of 
design modifications which have occurred since 1975 when 
the patent for the original device, the AMS 721, was issued 
to American Medical Systems (Minnetonka, Minnesota). 
This early model operated on the hydraulic principle still 
employed by the modern AUS, but there was no way to 
control the occlusive force applied to the urethra and the 
large number of components made it difficult to implant.*? 
In 1980, the AMS 721 was altered to overcome these prob- 
lems by streamlining the design and incorporating a pres- 
sure-regulating balloon reservoir, which was then 
marketed as the AMS 761. The AMS 742, 791, and 792 rep- 
resented further design simplifications and introduced the 
concept of delayed activation in order to allow for tissue 
healing. With these devices, a second surgical procedure 
was needed to activate the pump.” 

In 1982, the AMS 800 was introduced and is the only 
AUS currently available on the market.“ Like its predeces- 
sors, it consists of three components: a cuff which fits 
around the urethra or bladder neck; a balloon fluid reser- 
voir which is implanted in the abdomen; and a pump 
which is implanted in the scrotum or labia to control acti- 
vation. The cuff is composed of an outer layer of Dacron 
(polyethylene terephthalate) monofilament backing an 
inner silicone shell, and is available in sizes ranging from 4 
to 11 cm with 0.5 cm increments. Three different balloon 
reservoirs are available with plateau pressures of 51-60 
cmH,0, 61-70 cmH,O, and 71-80 cmH,O. The pump and 
reservoir are also made of silicone and are connected to 
each other and the pump by kink-resistant color-coded 
tubing. The sphincter is implanted fully primed with iso- 
tonic radiopaque fluid or normal saline in its deactivated 
state. The device is activated a few weeks later by sharply 
squeezing the bulb of the pump. This maneuver allows 
fluid to exit the reservoir and enter the hollow cuff, thereby 
occluding the urethra or bladder neck lumen. When the 
patient wishes to void, he pumps the bulb to direct fluid 
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Figure 57.5 
Placement of the AMS-800 in a female patient. (Reproduced with 
permission from The Urinary Sphincter, Chapter 34, Fig. 5.) 


out of the cuff and back into the reservoir. Fluid moves 
back into the cuff, closing it automatically within 3-5 min. 
Should urethral or bladder instrumentation be necessary, 
the unit can be locked or deactivated by pressing a button 
on the pump. 

In 1988, a cuff with Dacron backing that was narrower 
than the silicone surface facing the urethra (narrow-backed 
cuff) was incorporated into the AMS 800 design along with 
alterations in the manufacturing process used to make the 
reservoir. These modifications improved durability and 
decreased urethral pressure atrophy.* There have been no 
further changes to the AMS 800 design. 


Indications and patient selection 


All patients in whom an AUS is being considered should 
undergo preoperative urodynamic testing to document the 
severity and mechanism of incontinence and to assess 
bladder function. Determination of detrusor parameters 
may require bladder neck occlusion with a Foley catheter 
balloon during the filling phase.** As for the fascial sling, 
the ideal candidate for an AUS should have a stable bladder 
with good compliance and capacity as well as a good emp- 
tying. Elevated detrusor pressures can lead to upper tract 
deterioration once the outlet is occluded by the sphincter 
cuff. De Badiola et al compared the preoperative and post- 
operative urodynamic parameters of 23 pediatric patients 
who received an AUS for neurogenic sphincteric incompe- 
tence. Patients with filling pressures of less than 50 cmH,O 


with preoperative bladder capacities greater than or equal 
to 60% of that expected for age, and/or a preoperative 
compliance greater than 2 ml/cmH,O, were less likely to 
require subsequent augmentation for persistent inconti- 
nence and upper tract changes.“ The average time to 
cystoplasty in patients who developed high intravesical 
pressures after AUS implantation was 14 months.*” 

Many authors advocate an AUS as primary treatment for 
patients who can void spontaneously.** Patients, however, 
should be informed that IC may have to be performed in 
the future, particularly if they receive a bladder augmenta- 
tion or, in men, if prostatic growth later in life produces 
outlet obstruction. The AUS has also been employed as sec- 
ondary treatment for patients who have failed other forms 
of bladder outlet surgery. Aliabadi and Gonzalez described 
15 patients who had failed multiple urethral and bladder 
neck surgeries and were salvaged with an AUS, resulting in 
an overall continence rate of 73%” 

The optimal timing for US insertion in the pediatric 
population with neurogenic incontinence is controversial. 
Kryger et al found no difference in the number of AUS 
removals, continence rate, revision rate, augmentation rate, 
or number of complications in patients who received an 
AUS before age 11 compared to those placed later in life. 
AUS insertion, in fact, may be easier in prepubertal patients 
secondary to the shallower pelvis and lesser degree of peri- 
urethral venous plexus engorgement. Revisions for retrac- 
tion of the pump in the scrotum were uncommon, 
occurring only in 1 of their 25 patients.** Levesque et al also 
found no increase in the rate of AUS revision post-puberty, 
with a follow-up of 12.1 years. 

Although Fulford et al“* have reported a cuff erosion rate 
of 44% in females, and Levesque et al” found a higher rate 
of erosion in girls who had previous bladder neck surgery, 
other investigators have not. Salisz and Diokno described 
successful AUS insertion in women despite intraoperative 
injuries to the vagina, bladder, or urethra. Their technique 
involved closing the injury primarily, placing the cuff 
within a different plane of dissection around the bladder 
neck, and delaying sphincter activation for a minimum of 
6 weeks.>! 


Surgical technique 


AUS insertion can be performed under general or spinal 
anesthesia. The cuff is usually placed around the bladder 
neck in women and children and around the bulbar ure- 
thra in males. The dorsal lithotomy position is favored in 
order to access the perineum for bulbar urethral place- 
ment, or to place a finger in the vagina to aid in transab- 
dominal dissection of the bladder neck. The urine should 
be sterile before surgery and the skin should be free of der- 
matitis or candidiasis. Broad-spectrum perioperative 
intravenous antibiotics are administered. Strict sterile 
precautions are followed in the operating room and many 
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Plane of dissection ~ ~~ 
between urethra and vaginal wall 


Figure 57.6 
Transvaginal view of urethra and anterior vaginal wall to show 
dissection plane between the vagina and urethra/bladder neck. 


surgeons prepare the patient with a 10-15 min antiseptic 
soap scrub before painting the abdomen and perineum 
with an antiseptic solution. Once the patient has been 
draped, a Foley catheter is inserted into the bladder. 

Dissection of the bladder neck proceeds in much the 
same fashion as for placement of a fascial sling (see earlier). 
A 2-cm wide window behind the bladder neck is adequate 
for cuff placement, and a right-angled clamp is used to pass 
the measuring device around the bladder neck. Bladder 
neck cuff sizes range from 6 to 11 cm in diameter. Limited 
injuries to the bladder or vagina can be repaired primarily, 
but rectal injuries require abortion of the procedure. Once 
the appropriate-sized cuff is placed around the bladder 
neck, the cuff tubing is brought out through the rectus fas- 
cia via a separate stab incision superior to the pubis. The 
reservoir is placed in the retropubic space with its tubing 
penetrating the rectus fascia near the cuff tubing. A 71-80 
cmH,0 balloon is often used for bladder neck occlusion. 
The reservoir can also be inserted into the peritoneal cav- 
ity, a location preferred by some to permit better balloon 
expansion.” 

The anterior rectus sheath is closed and the balloon 
reservoir is filled with 22 ml of normal saline or an iso- 
osmotic contrast solution for postoperative X-ray imaging 


of the AUS. The pump mechanism is placed subcuta- 
neously in the most dependent part of the scrotum or the 
labia. This space is created by passing a long curved Kelly 
clamp or sponge forceps from the lower edge of the supra- 
pubic incision into the hemiscrotum or labium. The site of 
pump placement depends on whether the patient is left- or 
right-handed. A Babcock clamp can be placed around the 
pump tubing to prevent it from riding up while the com- 
ponents are being assembled. All tubing must be cleared of 
bubbles and blood clots before being connected. Straight 
or right-angled connectors can be used and secured with 
the quick-connect system or hand-tied with 2—0 or 3-0 
polypropylene sutures in revision cases. The device should 
be cycled intraoperatively to make sure the cuff inflates and 
deflates properly. Some surgeons perform this maneuver 
while visualizing the cuff directly with flexible cystoscopy. 
Others perform perfusion sphincterometry to confirm 
proper sphincter function, to exclude unsuspected urethral 
injury, and to determine the refill time of the device.» All 
AUS components and incisions are irrigated copiously 
with antibiotic solution throughout the procedure. Before 
closing the incision, the AUS is deactivated by squeezing 
the button on the pump before it refills completely. 

Placement of the cuff around the bulbar urethra begins 
by making a vertical incision in the perineum with its mid- 
point at the lower edge of the ischeal tuberosities. A 
Lonestar or Turner—Warwick retractor is recommended for 
better exposure. After incising the bulbocavernosus muscle 
along its midline, the bulbar urethra is mobilized circum- 
ferentially for a distance of 2-3 cm. If the urethra is injured, 
then the procedure should be terminated and the Foley 
catheter left indwelling after the injury is repaired with fine 
absorbable suture. A measuring device is passed around 
the urethra and the appropriate-sized cuff is placed. Most 
adult male patients will be fitted a 4.5 cm cuff, but sizes of 
4 and 5 cm are also available. The cuff tubing and tab are 
oriented laterally so that neither one abuts the base of the 
penis, which can be uncomfortable postoperatively. The 
reservoir is placed in the retropubic space through a sepa- 
rate abdominal incision. The operation proceeds as 
described above. 

Relatively, a transscrotal technique of cuff placement has 
been popularized.*’ After an upper transverse scrotal inci- 
sion is made, the tunica albuginea of both corpora cavernosa 
are exposed, and the bulbar urethra is dissected free circum- 
ferentially. The cuff sizer is used to measure urethral cir- 
cumference, then the occlusive cuff is placed around the 
urethra in standard fashion. The pressure-regulating balloon 
is placed similar to a penile implant reservoir. The transver- 
salis fascia is pierced immediately above the pubic bone and 
the pressure-regulating balloon is placed within the retrop- 
ubic space. A subdartos pouch is created for the pump. This 
approach is especially helpful in revision surgery. 

To circumvent retention secondary to edema, a catheter 
is usually left in the bladder overnight and removed the 
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next morning. Patients are discharged on oral antibiotics 
for 10-14 days after completing 24—48 hours of intra- 
venous therapy. Patients should avoid heavy lifting, strain- 
ing, and intercourse for 4—6 weeks. The AUS is activated in 
the clinic 4-6 weeks after its insertion and the patient is 
instructed in its use. Patients should inform medical per- 
sonnel that they have an AUS when entering the hospital 
for surgery or any other procedure that may involve blad- 
der catheterization, since the cuff should be deactivated 
beforehand to avoid damage to the device and the urethra. 
Patients should also carry the AUS information card pro- 
vided by the manufacturer and obtain a Medicalert 
bracelet in case of accident or injury. 


Results and complications 


In patients with neurogenic sphincteric incontinence, the 
AUS has been reported to result in continence rates of 
59-92%, revision rates of 27-57%, and removal rates of 
19-41% (Table 57.4).485°°4-° Perioperative and immediate 
postoperative complications include bladder neck, ure- 
thral, and rectal perforations, UTIs, wound infections, and 
scrotal hematomas.*** In the long term, mechanical prob- 
lems are the most common reason for revision surgery and 
include tubing kinks, fluid loss secondary to pump, reser- 
voir, or cuff leaks, pump migration, pump dysfunction, 
and connector separation.*°°°”°? Nonmechanical compli- 
cations consist of urethral atrophy, infection, erosion, and 
elevated bladder storage pressures which can result in 
reflux, hydronephrosis, and renal insufficiency." In the 
Mayo Clinic series of 323 AUS patients, 26 of whom had 
myelomeningocele, both types of complications were 
shown to decrease after 1988 with incorporation of the 
narrow-backed cuff and improved manufacturing process: 
the rate of mechanical failure fell from 21 to 7.5% and the 
nonmechanical failure rate dropped from 17 to 9%.* 
Infection, one of the most dreaded complications, 
results in sphincter removal, and accounts for 4-5% of 
most series. Proposed mechanisms include contamina- 
tion during the procedure, exposure of the AUS to chroni- 
cally infected urine, and hematogenous spread of bacteria 
with seeding of the device.*! The presence of an infection is 
often indicated by skin erythema, induration at the pump 
or reservoir site, erosion of the cuff through the urethra, or 
erosion of the pump through the scrotal or labial skin. 
Microorganisms recovered from infected AUS include 
Staphylococcus epidermidis, B-streptococcus, Bacteroides 
fragilis, Escherichia coli, Pseudomonas, and diphtheroid 
species.°!3 A pseudocapsule made of myofibroblasts sur- 
rounds the silicone parts of the AUS and may confer pro- 
tection against bacteria, which can be liberated into the 
bloodstream at the time of cystoplasty or with systemic 
infections.” The infection rate does not appear to increase 
in patients who catheterize compared to those who void 
spontaneously or who empty their bladders using the 


Credé maneuver.® Some investigators have found a 
definite increase in the occurrence of infection when cysto- 
plasty is performed concomitantly with AUS insertion.*”°° 
Holmes et al found an increased incidence of infection to 
be associated with prior bladder neck surgery in the neu- 
rogenic bladder population and recommended performing 
the AUS insertion before doing the augmentation in 
patients who have this risk factor.°! Miller et al performed 
simultaneous bladder augmentation and AUS insertion 
using a variety of different bowel segments and found a 
6.9% infection rate (2/29 patients). They suggested per- 
forming gastrocystoplasty along with AUS insertion since 
there were no infections associated with the use of stomach 
in their series.°° 

Erosion rates range from 6 to 31% in contemporary 
neurogenic bladder series and are the major cause of 
sphincter removal. Erosion can occur secondary to infec- 
tion, ischemia from high cuff pressures, devascularization 
from prior surgery or radiation, and traumatic catheteriza- 
tion.“*°*°! Factors which increase the likelihood of erosion 
include prior bladder neck surgery, placement of the cuff 
around the bulbar urethra in children, and placement of 
the cuff around the bowel used to form a neobladder.*4°+°? 
Guralnick et al described AUS cuff placement through a 
dissection plane deep to the tunica albuginea of the corpo- 
ral bodies in 31 men who experienced erosion or atrophy 
at the original cuff site. They were able to salvage conti- 
nence in 84% of cases, but there was the potential for post- 
operative deterioration of erectile function.™ 

Patients who receive an AUS must undergo long-term 
urologic follow-up with urodynamic bladder monitoring 
and serial upper tract imaging to detect the onset of upper 
tract deterioration. High intravesical pressure requires the 
institution of anticholinergic medications, or, if this fails, 
augmentation. Hydronephrosis or reflux is usually refrac- 
tory to medical management and indicates a need for cysto- 
plasty. The proportion of AUS recipients with neurogenic 
bladder who ultimately require augmentation cystoplasty 
ranges from 4 to 42%.>4°°? Patients who are noncompli- 
ant with surveillance protocols may develop upper tract 
damage. A number of authors have described the occur- 
rence of chronic renal failure in patients with incontinence 
of neurologic etiology who received an AUS and were then 
lost to follow-up for long periods of time.***?°” 


Conclusions 


When it was first marketed in the early 1970s, the AUS rep- 
resented a major advancement in the treatment of patients 
with severe incontinence secondary to sphincteric defi- 
ciency. The device has undergone many design modifica- 
tions since its first inception, all of which have served to 
increase its efficacy and lower its complication rate. 
Erosion and infection rates are low in well-selected 
patients. The possibility of requiring repeat surgery for 
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mechanical failure is high, as is the cost of these revisions, 
but the AUS will, no doubt, continue to be utilized in the 
treatment of urinary incontinence. 


Bladder neck reconstruction 
Introduction 


In 1908, Young described a technique for increasing blad- 
der outlet resistance by narrowing the urethra and bladder 
neck lumen to the size of a silver probe.® Since this first 
description of bladder neck reconstruction was published, 
there have been many modifications to the surgical proce- 
dure. At first, reconfiguring the bladder outlet to increase 
its resistance was thought to be contraindicated in the neu- 
rogenic bladder population because of the subsequent 
necessity for IC.°° Many investigators, however, have found 
this technique to be a viable alternative to bladder neck 
sling, AUS, or urinary diversion in patients with neurologic 
lesions who require treatment for severe sphincteric 
incompetence provided that the patient and/or caregiver is 
capable of performing IC and is compliant with this rou- 
tine. These procedures are technically challenging and a 
successful outcome is highly dependent on the operative 
experience of the surgeon. 

The main types of bladder neck reconstruction that have 
been utilized in the neurogenic bladder population are the 
Kropp anterior bladder wall flap valve and the Salle anterior 
bladder wall flip-flap. The Young—Dees—Leadbetter posterior 
bladder wall flap is primarily used for the treatment of blad- 
der exstrophy, but has been reported in patients with neuro- 
genic sphincteric deficiency. The Tanagho and Smith bladder 
neck reconstruction, which is mostly of historic interest, has 
been described in patients with post-prostatectomy inconti- 
nence and will not be covered in this section.**” The major- 
ity of the literature deals with the pediatric population, since 
it is in this age group that urologic intervention is first sought. 
The Kropp and Salle procedures work on the flap valve prin- 
ciple popularized by Mitrofanoff. As the bladder fills with 
urine, increases in intravesical pressure are transmitted to the 
valve constructed from anterior bladder wall, thereby increas- 
ing leak-point threshold and preventing incontinence. The 
Young—Dees—Leadbetter reconstruction prevents urine leak- 
age by increasing bladder neck and urethral length and 
decreasing their caliber, two maneuvers which result in an 
increase in outlet resistance. 


Young—Dees—Leadbetter procedure 


The Young—Dees—Leadbetter bladder neck reconstruction, 
as it was first described by Leadbetter in 1964, involves 
lengthening the urethra and creating a new bladder neck 
using a flap of posterior bladder wall which incorporates 
the trigone. The ureters are reimplanted 3—4 cm superiorly 
so that the trigonal muscle can be utilized. The posterior 


bladder wall is not mobilized in order to keep the blood 
and nervous supply intact, thereby helping to prevent 
slough and denervation of the bladder wall flap. The verti- 
cal midline cystotomy which was made to reimplant the 
ureters is carried into the urethra, and longitudinal lateral 
incisions are made on either side of the urethra and blad- 
der neck. These incisions begin at the apex of the midline 
urethral incision and extend along the bladder base 
through the old ureteric orifice sites and 1-2 cm beyond 
them on the posterior bladder wall. 

The resulting lateral bladder flaps are denuded of mucosa 
to leave a posterior strip of bladder 1.5 cm wide and 3 cm 
long.” These flaps are then folded over on each other using 
an 8-10F urethral catheter as a guide to caliber and closed in 
two layers. The mucosal layer is closed with interrupted fine 
absorbable suture and the muscle layer is opposed in an 
overlapping fashion using a fine running suture of 
absorbable material. The bladder neck closure is completed 
in layers: mucosa, muscle, and serosa. The end result is a ure- 
thra which is lengthened by 4-5 cm. The dog ears of bladder 
that remain are incorporated into the bladder wall closure, 
since resection of these segments can result in a substantial 
decrease in bladder capacity. A urethral catheter and supra- 
pubic tube are often placed, although some surgeons prefer 
to forgo urethral stenting. If employed, the urethral Foley 
catheter is removed within 3—4 weeks and the suprapubic 
tube is discontinued once the patient is able to empty the 
bladder by voiding or intermittent catheterization. 

Placement of a silicone sheath around the bladder neck 
reconstruction to facilitate the insertion of an artificial ure- 
thral sphincter cuff later on if required was advocated by 
Mitchell et al in 1985. These authors, however, later aban- 
doned this practice upon experiencing a 67% erosion rate at 
a mean of 4 years after operation.” Ransley’s group, how- 
ever, has reported a lower erosion rate of 14% after decreas- 
ing the thickness of the silicone sheath and interposing 
omentum between the sheath and the bladder neck.””! 


Kropp bladder neck reconstruction 


The Kropp procedure was first described by Kropp and 
Aangwafo in 1986. It lengthens the urethra by attaching it to 
a tube of bladder muscle which is implanted into the poste- 
rior bladder wall through a submucosal tunnel to create a 
one-way flap valve that allows a catheter to be passed but 
prevents urine from leaking out. A rectangular flap 5-7 cm 
x 2-2.5 cm is outlined on the anterior bladder wall with stay 
sutures. This flap is left attached to the bladder neck and the 
bladder is separated completely from the bladder neck. The 
anterior wall flap is rolled into a tube over a 10—12F Foley 
catheter and sutured together with 4—0 chromic catgut. A 
submucosal tunnel is developed between the ureteric ori- 
fices, and the tube is pulled through this tunnel. The blad- 
der is drawn back down to the bladder neck and sutured 
with absorbable sutures. The ostia of the new urethra is 
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sutured to the posterior bladder wall. This method can also 
be accomplished using a posterior strip of bladder, which is 
tunneled into the anterior bladder wall.” 

Two modifications to the Kropp bladder neck recon- 
struction were described by Belman and Kaplan and sub- 
sequently adopted widely by other surgeons, including the 
originator of the Kropp procedure.” These alterations 
involve leaving the bladder neck attached to the bladder 
and making a groove in the posterior bladder wall into 
which the tube is laid, then suturing the epithelium over 
the tube rather than creating a submucosal tunnel.”* 
Mollard et al demuscularized the bladder tube, leaving only 
mucosa to tunnel in some cases, and reimplanted one of 
the ureters cephalad to make more room to tunnel the tube 
in the posterior bladder wall. 


Pippi Salle bladder neck 
reconstruction 


In 1994, Pippi Salle described his own version of the 
anterior wall flap valve in 15 dogs and 6 children with 


Figure 57.7 

Kropp anterior flap-valve bladder neck 
reconstruction. (Reproduced with permission 
from Kropp and Angwolfo, J Urol 1986; 135: 
533-6.) 


myelomeningocele. The Salle bladder neck reconstruction 
is a modification of the Kropp design in which the urethra 
is lengthened with an anterior bladder wall flap 4-5 cm x 
1-1.7 cm, which is sutured to the posterior wall in an onlay 
fashion. In the original description, the ureters are reim- 
planted superiorly using the Cohen cross-trigonal tech- 
nique. A border of mucosa 0.1 cm wide is removed from 
the flap to obtain separate nonoverlapping suture lines. 
The edges of the posterior bladder wall are then sewn over 
the lengthened urethra to create a flap valve. A urethral 
catheter is left in for 2-3 weeks.” In 1997 Salle and col- 
leagues described a number of modifications to the origi- 
nal technique. The first involved making two longitudinal 
incisions in the trigonal mucosa to better expose the mus- 
cle for suturing to the exposed muscle edges of the anterior 
wall flap, then suturing the lateral edges of posterior wall 
mucosa over the flap to help prevent leakage of urine and 
fistula formation. The second modification was to widen 
the base of the flap to improve its blood supply but to leave 
the distal tip narrow to attain the correct lumen size when 
fashioning the neourethra. In some cases, a superior exten- 
sion of mucosa was taken with the anterior wall flap and 
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folded back over the intravesical urethra to cover it and 
prevent fistula formation. Lastly, the authors described the 
creation of a lateral anterior wall flap in 4 patients who had 
a midline scar in the anterior bladder wall from previous 
surgery. Ureteric reimplantations were not performed 
routinely in this later series.”° 


Indications and patient selection 


All patients being considered for bladder neck reconstruc- 
tion should undergo urodynamic assessment and voiding 
cystourethrogram to document the mechanism of inconti- 
nence and the degree of urethral incompetence. The filling 
phase should be carried out with a Foley balloon occluding 
the bladder outlet to determine bladder capacity, stability, 
and compliance.** Cystoscopy may aid in assessing the 
characteristics of the bladder wall and outlet before 
surgery. The urodynamic prerequisites for bladder neck 
reconstruction are similar to those for the AUS or bladder 
neck sling: a stable, adequate capacity bladder (see above). 
The majority of authors recommend the concomitant per- 
formance of bladder augmentation, since increasing outlet 
resistance will often lead to elevated storage pressures and 
the use of bladder wall to reconstruct the outlet can signif- 
icantly decrease bladder capacity.” 

Although bladder neck reconstruction can be performed 
as a salvage procedure for patients who have failed bladder 


Figure 57.8 

Pippi Salle flip-flap bladder reconstruction. 
(Reproduced with permission from Pippi-Salle, 
J Urol 1994; 152: 803-6.) 


neck sling or AUS insertion,” many authors advocate con- 
sidering it as a primary option in patients who have total 
incontinence secondary to a patulous, wide-open bladder 
neck, since compromised blood supply from previous 
surgery will decrease the success of the operation.”4 Bladder 
neck reconstruction in general is not suitable for the cor- 
rection of mild stress urinary incontinence, since it has a 
significant complication rate. 

The Young—Dees—Leadbetter bladder neck reconstruc- 
tion is mainly employed in the treatment of anatomic blad- 
der outlet defects encountered in the exstrophy-epispadias 
complex; there have been few reports of its use in patients 
with neurogenic bladder. Continence rates are not as high 
in patients with neuropathic outlet incompetence as they 
are in the exstrophy population, and some investigators 
have documented better results in females than in males.*° 

The Kropp procedure was specifically designed for the 
treatment of neurogenic incontinence and functions on 
the assumption that all patients will need to catheterize to 
empty the bladder. It is often performed as a last resort to 
achieve continence before AUS insertion. Mollard et al® 
and Snodgrass’* prefer to use the Kropp procedure as first- 
line bladder outlet management in females and reserve the 
AUS for males, with the rationale that lengthening the ure- 
thra in boys may make it more difficult for them to per- 
form IC. Waters et al, however, in a review of 
catheterization problems in patients who had had Kropp 
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reconstruction, found that the problem was experienced by 
equal numbers of boys and girls.” The Salle technique has 
been employed with equal success in patients with inconti- 
nence secondary to neurogenic bladder and exstrophy- 
epispadias complex.’>708!'82 


Results and complications 


The Young—Dees—Leadbetter procedure and its numerous 
modifications have produced continence rates up to 60-80% 
when performed in the exstrophy population.*?*4 
Published series employing this technique in neurogenic 
bladder patients are small, but success has been reported to 
be lower, with continence rates of 50-60% over a follow-up 
period of greater than 5 years.°”*>8* Complications have 
included UTIs, de-novo vesicoureteral reflux (VUR), ure- 
thral and bladder neck fistulas, SUI, difficulty catheteriz- 
ing, and bladder neck strictures, particularly in patients 
who have had previous bladder neck surgery.°*** 

The Kropp bladder neck reconstruction has enjoyed con- 
tinence rates of 80-94%, but this has been tempered by dif- 
ficult catheterization rates of 10-44% (Table 57.5).°%72-747778 
This problem is thought to occur secondary to the tube 
being compressed as it passes through the submucosal tun- 
nel, or the suture line running along the back wall of the 
tube causing formation of an elevated scar.” An overdis- 
tended bladder resulting from delay in catheterization can 
also compress the valve, making it difficult to pass a 
drainage tube.” In later series, investigators have noted a 
decrease in the occurrence of catheterization problems 
when the urethral catheter was left in 4-5 weeks after blad- 
der neck reconstruction.” In most cases, this situation is 
alleviated by passing a catheter under cystoscopic guidance 
and leaving it in for a few weeks, then having the patient 
resume catheterization.” Other patients who have trouble 
passing a catheter require bladder neck dilatation or endo- 
scopic resection of the roof of the neourethra. Occasionally, 
open revision of the flap valve is required.” Snodgrass 
has described the performance of an appendicovesicos- 
tomy concomitant to the Kropp procedure as a means of 
providing an alternative route of bladder drainage should 
the patient be unable to catheterize via the reconstructed 
bladder outlet.” 

Other complications encountered with the Kropp tech- 
nique include pyelonephritis, peritonitis secondary to 
bladder perforation, de-novo VUR, and fistula formation 
between the valve and the bladder resulting in inconti- 
nence. The Kropp procedure is highly effective at increas- 
ing bladder neck resistance and can result in the 
attainment of a VLPP of greater than 60 cmH,O in many 
patients.”4 This high level of continence, coupled with the 
possibility of difficult catheterization in a patient who may 
also have an enterocystoplasty, can result in perforation of 
the augmented portion of the bladder, with subsequent 
peritonitis, cases of which have culminated in death.” 


New-onset VUR is thought to be a consequence of elevated 
intravesical pressures as a result of increased outlet resis- 
tance, disruption of the trigonal musculature when tunnel- 
ing the tube, or VUR which was present preoperatively but 
was not observed on cystourethrogram.’®’8 A small pro- 
portion of patients who develop de-novo VUR fail to 
resolve it spontaneously and require ureteric reimplanta- 
tion. Fistulas can occur at areas of devascularization along 
suture lines or as a consequence of traumatic instrumenta- 
tion or catheterization and usually require open revision of 
the flap valve in order to achieve continence. 

The Salle anterior bladder wall flap has continence rates 
which are slightly lower than the Kropp procedure, but 
does not have the high incidence of catheterization diffi- 
culty which has plagued the other technique. The occur- 
rence of fistulas between the flap valve and bladder is a 
problem particularly noted with the Salle procedure and 
catheterization problems were experienced by some of the 
exstrophy patients in the later series published by Pippi 
Salle et al (Table 57.6).7>7° 


Conclusion 


In summary, bladder neck reconstruction is one of the ear- 
liest surgical treatments devised for treating urinary incon- 
tinence secondary to an incompetent bladder neck and 
proximal urethra. All these procedures, while they have the 
advantage of utilizing the patient’s own tissue, are techni- 
cally challenging and are associated with a number of com- 
plications, some of which may require numerous surgical 
revisions. Bladder neck reconstruction should not be per- 
formed in patients who have mild degrees of urinary 
incontinence that may be cured by urethral collagen injec- 
tions or a fascial sling. Bladder neck reconstruction should 
be reserved for patients with severe outlet incompetence 
and should only be performed by an experienced surgeon. 
Despite the availability of the AUS and popularity of the 
fascial sling, bladder neck reconstruction in its many forms 
continues to have a role in the treatment of patients with 
neurogenic bladder and exstrophy-epispadias complex 
who suffer from total urinary incontinence. 


Bladder neck closure 
Introduction 


Bladder neck closure is considered a last-resort proce- 
dure.® It is indicated in patients with outlet incompetence 
who have failed multiple anti-incontinence procedures, 
patients who are poor surgical candidates and cannot tol- 
erate lengthy, complex reconstructive procedures, and in 
patients with destroyed urethras which cannot be rebuilt.’ 
Closure of the bladder neck can be combined with a 
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catheterizable cutaneous stoma or a chronic indwelling 
suprapubic tube depending on the constitutional and 
functional status of the patient. 

In female spinal cord injury patients who have been 
managed with a chronic indwelling Foley catheter, bladder 
neck closure and suprapubic tube insertion can improve 
quality of life by eliminating leakage of urine alongside the 
tube, which can cause chronic skin breakdown, and facili- 
tate return to sexual activity by eliminating the urethral 
catheter.*?"° 

The disadvantages of bladder neck closure are its irre- 
versibility; its abolishment of the pop-off valve, which 
necessitates long-term monitoring of the upper tracts to 
prevent occult renal deterioration;?' and unpredictable 
effects on potency and ejaculation when performed in 
young males.*” Patients who are managed with bladder 
neck closure and a chronic suprapubic tube must undergo 
surveillance cystoscopy in order to monitor for the forma- 
tion of bladder calculi and squamous neoplasia.** There is 
also a persistent risk of infection secondary to the 
indwelling catheter.®® 

Transposition of the female urethra to the suprapubic 
area to form a continent catheterizable stoma has been 
described, but it is not suitable for obese patients or 
patients with a significant amount of periurethral scarring 
secondary to previous surgical procedures or years of 
chronic indwelling urethral Foley management.***??! 
Reconstruction using vaginal wall or bowel has also been 
attempted in females with destroyed urethras, but the suc- 
cess rate with these procedures is low.” Alternatively, a 
tight fascial sling can be used to achieve a functional blad- 
der neck closure, provided that the patient has a urethral 
length of at least 1.5-2 cm.” 


Surgical technique 


Bladder neck closure can be performed via the trans- 
abdominal or transvaginal route. In the transabdominal 
approach, a transverse suprapubic incision or vertical mid- 
line incision is made and the bladder neck is mobilized. In 
males, the bladder is transected just cranial to the prostate 
after ligating the superficial dorsal venous complex and 
dissecting the neurovascular bundles away. The prostate is 
usually left intact in order to preserve fertility and ante- 
grade ejaculation. In cases of urethral stricture or prosta- 
torectal fistula which compromise drainage of prostatic 
secretions and act as a nidus of infection, the prostate is 
removed to avoid abscess formation. In females the bladder 
is transected at the vesicourethral junction once the deep 
dorsal vein has been ligated. Intravenous indigo carmine or 
ureteric catheters are used to help identify the ureteric ori- 
fices. The bladder is mobilized posteriorly to the level of 
the ureteric orifices. A sponge stick in the vagina can aid in 
identifying the correct plane of dissection. 


Once the posterior and inferior aspects of the bladder 
have been mobilized out of its dependent position in the 
pelvis, the bladder neck opening is closed ventrally in two 
layers: mucosa and muscle with serosa. A suprapubic tube is 
placed and brought out through a separate stab incision 
before closing the bladder neck completely, and if the blad- 
der closure is to be combined with a continent catheteriz- 
able stoma it is constructed and attached to the bladder at 
this stage. The urethral stump is closed dorsally in two lay- 
ers and an omental flap is mobilized and placed between the 
closed urethral stump and the bladder neck closure to pre- 
vent fistula formation.®”* A drain is usually left in the space 
of Retzius. Postoperatively, anticholinergics are adminis- 
tered to prevent bladder spasms. Reid et al have described a 
different technique of bladder neck closure which involved 
denuding the bladder neck mucosa through a midline cys- 
totomy, excising a cuff of bladder neck, then closing the 
denuded muscle with a purse string suture.” 

The transvaginal approach is typically employed in 
females with urethral destruction secondary to chronic 
indwelling Foley catheter drainage who are to be managed 
with bladder neck closure and suprapubic tube placement. 
The patient is placed in the dorsal lithotomy position and 
a suprapubic tube is placed using a Lowsley retractor. This 
technique is employed to circumvent the difficulty inher- 
ent in distending a small contracted bladder with an 
incompetent outlet. 

The patient is placed in the Trendelenburg position to 
displace the bowels cephalad and the curved Lowsley 
retractor is inserted into the urethra and pointed towards 
the anterior abdominal wall 1-2 cm above the pubic sym- 
physis. A small fascial incision is made over the tip of the 
retractor, which is pushed out through the skin incision. 
The tip of a large-bore Foley catheter is grasped in its jaws 
and pulled back into the bladder. Intravesical placement of 
the catheter can be confirmed by irrigation of the tube or 
cystoscopic inspection.” 

An incision circumscribing the urethral opening is 
extended into an inverted U incision on the anterior vagi- 
nal wall. The endopelvic fascia is pierced on either side of 
the bladder neck in order to free it up completely from the 
pubic bone and the pubourethral ligaments are transected. 
Intravenous indigo carmine is given to visualize the 
ureteric orifices. The scarred urethra, if present, is excised 
and the bladder neck closed in two layers: first in the verti- 
cal, and then in the horizontal direction. The second suture 
line should contain tissue from the bladder neck to the 
anterior wall located behind the symphysis to transfer the 
closed bladder neck to the retropubic space and remove it 
from a dependent position. The integrity of the closure is 
checked by filling the bladder through the suprapubic tube. 
A Martius flap is interposed between the bladder neck and 
anterior vaginal wall to help prevent vesicovaginal fistula 
formation and the vaginal wall flap is closed over the 
Martius flap as a third layer. A vaginal pack containing 
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Figure 57.9 


Transvaginal bladder neck closure. (a) Creation of anterior vaginal wall flap. Destroyed urethra is circumscribed. (b) Bladder neck is 
mobilized and urethral reminant excised. First tension-free layer of bladder neck closure. (c) Transversal second layer closure to protect 
against a secondary vesicovaginal fistula. (d) Placement of Martius flap tunneled beneath labia minora. (Reproduced with permission 
from Glenn’s Urologic Surgery, 5th edn, 1998, Chapter 49, Figs 49.1—49.4.) 


antibiotic solution is left in for 24 hours,** and anticholin- 
ergics are administered to prevent bladder spasms. 
Bladder neck closure is highly effective at treating incon- 
tinence secondary to an incompetent bladder outlet. 
Continence rates of 75-100% have been reported in the lit- 
erature, with mean follow-up times ranging from 1.5 to 3 
years.” 6 The main technical complication is bladder 
neck fistulization with continued leakage of urine, which 
has been reported to occur in 6-25% of cases.” The 
rate of fistulization is low in series which adhere to the fol- 
lowing surgical principles: mobilization of the bladder 
from its dependent position in the pelvis, closure of the 


bladder neck and urethral stump in multiple layers without 
tension, and interposition of well-vascularized tissue such 
as omentum or a labial fat pad between the urethra and 
bladder neck. No adverse effect on potency or ejaculation 
was noted by Hoebeke et al, who performed the procedure 
in nine young males. 


Tissue engineering 


Recently, there has been increased interest and success in 
identifying techniques to regenerate viable smooth muscle 
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cells for use in the GU tract, particularly in the internal 
urethral sphincter to enhance coaptation and contraction 
of the urethra. Jack et al” found that the lipoaspirate in 
patients undergoing liposuction could be processed to 
yield a pluripotent population of cells. After injection into 
the GU tract of rats, they found the processed lipoaspirate 
cells remained viable at 12 weeks and had incorporated 
into the recipient smooth muscle cells. They demonstrated 
in-vivo expression of alpha-smooth muscle actin, an early 
marker of smooth muscle differentiation. They concluded 
that these cells may provide a feasible and cost-effective cell 
source for urinary tract reconstruction. 


Surgical treatment of the 
hyperactive bladder outlet 


Introduction 


For several years it has been recognized that detrusor- 
external sphincter dyssynergia (DESD), a common condi- 
tion in patients with suprasacral spinal cord lesions, is 
associated with elevated intravesical pressure, which can 
result in substantial morbidity and mortality. DESD is 
defined as a detrusor contraction concurrent with an 
involuntary contraction of the urethral and/or periurethral 
striated muscle during voiding.” During urodynamic 
assessment, DESD is denoted by an increase in electromyo- 
graphic activity of the sphincter or pelvic muscles associ- 
ated with an involuntary detrusor contraction. On voiding 
cystourethrogram or videourodynamic assessment, dila- 
tion of the bladder neck due to a contracted external 
sphincter is observed during bladder emptying.” The con- 
dition leads to a complication rate in excess of 50%, result- 
ing in urosepsis, hydronephrosis, nephrolithiasis, and 
vesicoureteric reflux, all of which can terminate in renal 
insufficiency and, eventually, dialysis.'°°!°' DESD is also 
associated with autonomic dysreflexia, particularly in 
patients with injuries above the T5 spinal cord level. Since 
its description by Emmett et al in 1948, sphincterotomy has 
been recommended to treat DESD in a subset of spinal 
cord injured males who are at risk for renal damage.'” By 
incising the external sphincter to render it incompetent, 
one can transform intermittent incontinence into continu- 
ous incontinence, which can be managed with a condom 
catheter drainage device.'” Sphincterotomy is irreversible 
and has been associated with intraoperative bleeding and 
erectile dysfunction. A reduction in long-term efficacy has 
also been observed which may require repeat external 
sphincter or bladder neck incision." Long-term use of a 
condom catheter can lead to skin ulceration, urethrocuta- 
neous fistula, and penile retraction.!' Despite these draw- 
backs, sphincterotomy is still considered the gold standard 
to which other treatments for DESD are compared. 


A urethral stent was first used by Milroy et al in 1988 
to treat stricture disease. Subsequently, it has been 
employed in benign prostatic hyperplasia (BPH) therapy 
and as an alternative to sphincterotomy in patients with 
DESD. Most of the experience with external sphincter 
stenting has been with the Urolume prosthesis (American 
Medical Systems, Minnetonka, Minnesota), a nonmagnetic 
superalloy woven into a mesh cylinder which is inserted 
endoscopically across the external sphincter to hold it 
open.'® The geometry and elasticity of the stent material 
exerts a radial force which maintains its position within the 
urethral lumen until epithelialization occurs.'’ Other ure- 
thral stents which have been used to circumvent DESD 
include the Ultraflex (Boston Scientific Corp, Boston, MA), 
which is made of a single elastalloy wire, and the 
Memokath (Engineers and Doctors A/S, Homback, 
Denmark), a coil made of thermosensitive titanium/nickel 
alloy. Sphincteric stenting has several advantages over 
sphincterotomy. It is an easier and quicker procedure that 
is associated with shorter hospital stay and cost.'°” Unlike 
sphincterotomy, stent insertion is potentially reversible, a 
characteristic which appeals to spinal cord injured patients 
still hoping for a cure.°”'°° Furthermore, sphincteric stents 
are not associated with diminished erectile ability or sig- 
nificant blood loss.” Despite these advantages, insertion of 
a stent across the external sphincter raises some legitimate 
concerns. The stent is a foreign body which is placed in 
contact with urine, resulting in encrustation.” Difficult 
removal of the Urolume stent occasionally resulting in 
urethral injury has also been reported.'°!” 

Among the latest developments, balloon dilation and 
botulinum toxin A have been considered to treat DESD. 
Since the first report, there has been no further interest 
with balloon dilation, whereas a large body of literature has 
already been released concerning botulinum toxin, and will 
be reviewed later in the chapter. 


Indications and patient 
selection 


Both sphincterotomy and urethral stents are employed in 
the treatment of DESD in male spinal cord injured patients 
with DO refractory to anticholinergics and IC, or in those 
unable or unwilling to carry out this conservative treat- 
ment.!” Sphincteric stents have been used not only as pri- 
mary treatment for DESD but also for patients who have 
failed previous sphincterotomy.””''° Relative contraindica- 
tions to stenting include patients who are known to be 
recurrent stone formers, patients who have had previous 
bladder neck (BN) incisions or TURP (transurethral rejec- 
tion of the prostate), and patients who have an artificial 
urinary sphincter.?”'!!!? Chancellor et al, in the North 
American Multicenter Urolume Trial, found that a 
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Figure 57.10 
Sagittal view of male pelvis to show placement of urethral stent 
across external sphincter. 


wide-open bladder neck secondary to previous bladder 
neck or prostatic surgery predisposed patients to stent 
migration.” McInerney and colleagues placed stents in 3 
men with spinal cord injuries and DESD who had artificial 
urinary sphincters.'!° The voiding parameters of these men 
were not improved, and, due to perineal discomfort, one 
stent was eventually removed with great difficulty. 

The Memokath stent has been found to be easier to remove 
than the Urolume device and has been advocated as a short- 
term treatment option for DESD. This stent may be used as an 
alternative to an indwelling catheter in recent spinal cord 
injured patients who are likely to regain enough upper 
extremity function to be able to perform self-catheterization, 
or for patients who would like to try condom catheter 
drainage before committing themselves to Urolume or 
sphincterotomy.'!* Men who are undergoing electroejacula- 
tion may also benefit from the Memokath, since the device 
can be easily removed and replaced later on.!!” 

Sphincterotomy or sphincteric stenting with condom 
catheter drainage is preferable to a chronic indwelling 
Foley catheter, which is still often used as the management 
of last resort in quadriplegic patients who do not have the 
manual dexterity or caregiver support to perform IC or 
change a condom catheter. Chronic indwelling catheters 
are associated with recurrent urosepsis, bladder calculi, and 
squamous cell carcinoma in this patient population.” 


Sphincterotomy techniques 


Before proceeding with incision of the external sphincter, 
the patient should have a negative urine culture. The patient 
is placed in the dorsal lithotomy position and perioperative 
intravenous antibiotic prophylaxis is administered. The 


type of anesthesia required depends on the amount of sen- 
sation and severity of autonomic dysreflexia experienced 
by the individual. Intravenous sedation with or without 
calcium channel or alpha-antagonist prophylaxis for 
hypertensive crisis may be all that is needed. 

Sphincterotomy is usually performed under endoscopic 
video control with a 24F resectoscope and Collins knife or 
loop electrocautery attachment. A cut is made anteriorly at 
the 12 o'clock or 11 o'clock position away from the neuro- 
vascular bundles to minimize the risk of bleeding and erec- 
tile dysfunction. The incision is taken from the prostatic 
urethra just proximal to the verumontanum to the proxi- 
mal bulbar urethra. The cut must extend through the mus- 
cle fibers of the sphincter to the level of the corpus 
spongiosum tissue of the proximal bulb.''* Hemostasis is 
attained with the electrocautery, and a 22F three-way Foley 
catheter is placed in the bladder. Continuous bladder irri- 
gation is run for 24—48 hours to prevent clot retention and 
the patient is discharged once the urine is clear. The 
catheter is removed 4—7 days after the procedure and a con- 
dom catheter is applied to the penis for bladder drainage. 

Sphincterotomy performed with the Nd:YAG contact 
laser has been described as an alternative to electro- 
cautery.'!>!!6 A chisel or round-tip probe is deployed 
through the instrument port of a 21 or 23F cystoscope with 
a 30 degree lens. The sphincterotomy is performed anteri- 
orly, as with electrocautery, with the probe tip in contact 
with the tissue to be vaporized. Repeated passes are made 
over the area until the required depth is attained. Cutting 
tissue requires settings of 25-50 W and hemostasis is 
achieved with lower energy settings of 15-25 W. Laser 
sphincterotomy may take a longer time than conventional 
electrocautery, especially if there is a large amount of scar- 
ring from previous surgery.!!® 

Whether or not to perform bladder neck incision con- 
comitant with sphincterotomy to optimize bladder empty- 
ing is somewhat controversial. Some investigators state that 
the bladder neck should not be incised immediately, as there 
is often delayed relaxation of the bladder outlet after sphinc- 
terotomy, and performing a bladder neck incision will result 
in complete incontinence with continuous urine leakage.'™ 
Other surgeons cut the bladder neck in addition to the exter- 
nal sphincter when preoperative urodynamics demonstrate 
bladder neck obstruction.'!*!'> In their series of laser 
sphincterotomies, Perkash''> performed concomitant laser 
bladder neck incisions at 3 and 9 o’clock, whereas Rivas 
et al''® cut the bladder neck in the midline at 6 o'clock. 


Results and complications of 
sphincterotomy 
The results of some contemporary series of spinal cord 


patients treated with sphincterotomy are listed in Table 57.7. 
Incising the external sphincter results in statistically significant 
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decreases in maximum detrusor pressure, postvoid residual, 
and the occurrence of autonomic dysreflexia. Bladder capac- 
ity is usually maintained. Complications include bleeding, 
clot retention, urosepsis, erectile dysfunction, and sphinc- 
terotomy failure secondary to urethral scarring. Making the 
incision anteriorly at 12 or 11 o'clock, rather than postero- 
laterally, has lowered the likelihood of damage to the ure- 
thral blood supply and cavernous body innervation, 
resulting in decreased rates of clot retention and erectile dys- 
function compared with older series.'!'''® The need for 
repeat sphincterotomy secondary to scarring and stenosis of 
the external sphincter is usually evident within 12 months of 
having the procedure, but can occur years later.!* Repeat 
sphincterotomy rates range from 9%, when the laser is 
employed, to 31%, with the use of conventional electro- 
cautery.''+!!® Other complications said to be decreased with 
laser sphincterotomy compared to electrocautery are severe 
bleeding and erectile dysfunction. In the absence of a 
prospective randomized trial, there is no conclusive proof of 
the superiority of laser to electrocautery. The post-void 
residual often persists after incising the external sphincter, 
but many authors do not consider this finding an indication 
of treatment failure unless the patient continues to have 
recurrent UTIs due to urinary stasis.'°*''* Treatment failure 
despite a technically perfect sphincterotomy occurs in 10- 
50% of men treated for DESD. Reasons for failure include 
problems fitting the condom catheter as well as detrusor are- 
flexia, which can result in poor bladder emptying despite an 
incompetent bladder outlet. 10114117 


Sphincteric stenting 
techniques 


As with sphincterotomy, the patient is placed in the dorsal 
lithotomy position and is given perioperative antibiotic 
coverage. The Urolume device is packaged in a preloaded 
24F cystoscopic insertion tool that accommodates a zero 
degree urethroscope. The Urolume comes in lengths of 2, 
2.5, and 3 cm. The Ultraflex device comes in 2—5 cm 
lengths with 0.5 cm increments. The 3 cm length is usually 
adequate for two-thirds of patients being treated for 
DESD,!!! and, with the 5 cm Ultraflex prosthesis, only 10% 
of patients were found to need placement of a second 
stent.!!>!20 If required, however, more than one device can 
be placed in order to span the entire external sphincter. 
Temporary suprapubic drainage is established intraopera- 
tively to ensure good visibility and postoperative bladder 
drainage. Under direct vision, the insertion tool is intro- 
duced into the urethra and advanced to the level of the 
verumontanum, then released. The stent usually retracts 
1-2 mm after deployment, and this should be accounted 
for when deciding on the position to release the 
device.'!>'!!© The stent should cover the caudal half of the 


verumontanum, leaving the ejaculatory ducts unblocked. 
The distal end should extend at least 5 mm into the bulbar 
urethra, well beyond the distal aspect of the external 
sphincter. If placement is incorrect, the Urolume can be 
moved or removed with endoscopic forceps. The Ultraflex 
can be pulled back using a suture located on its distal end 
which is removed after confirmation of proper place- 
ment.!!®120 When needed, a second stent should be placed 
overlapping the first by approximately 5 mm to completely 
bridge the sphincteric area.'*! 

The Memokath stent is also inserted under direct vision 
mounted on a flexible or rigid cystoscope. Intraoperative flu- 
oroscopy is used after filling the bladder with 200 ml of dilute 
contrast to monitor for distal movement that may occur with 
removal of the scope after stent deployment.!!” Once the 
stent is positioned correctly within the urethral lumen, saline 
warmed to 50°C is instilled into the device to cause expan- 
sion. Irrigation of the stent with cold saline (< 10°C) renders 
it soft for easy removal with alligator forceps.'”* 

Postoperative oral antibiotics are usually continued for 
10-14 days.??!!® A condom catheter is used to drain the 
bladder postoperatively. The patient can be discharged 
within 24 hours. A pelvic X-ray is recommended to con- 
firm proper position of the prosthesis before discharge. 
The suprapubic tube can be removed a few days later once 
adequate bladder emptying via the condom catheter is 
documented. Urethral catheterization should be avoided 
for at least 3 months to avoid displacement of the stent 
before epithelialization occurs. 

Stent removal can be accomplished under intravenous 
sedation or general anesthesia. The resectoscope on low 
cutting current is used to remove all epithelium overlying 
the stent. The prosthesis is then grasped with alligator for- 
ceps and pulled through the scope or pushed into the blad- 
der and removed through the scope obturator.'°*'!® The 
stent may unravel into individual wires and may need to be 
removed piece-by-piece. When the stent begins to separate, 
more than one procedure may be required in order to 
remove the prosthesis completely.'*! Fluoroscopy or a pelvic 
X-ray should be obtained to ensure complete stent removal. 


Results and complications of 
sphincteric stenting 


Several series examining the performance of urethral stents 
in the treatment of DESD have found statistically signifi- 
cant decreases in voiding pressure, postvoid residual, and 
autonomic dysreflexia with no change in bladder capacity 
(see Table 57.8).9?!°7!"9 In a prospective nonrandomized 
trial comparing sphincterotomy to the Urolume stent, 
Rivas et al found no statistically significant differences in 
treatment outcomes between these two modalities.’ The 
stent, however, was associated with a significantly shorter 
operative time, decreased length of hospital stay, and less 
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blood loss when compared to sphincterotomy. Long-term 
complications that have been found to occur with the 
Urolume include epithelial hyperplasia, stent encrustation, 
stent migration, urethral obstruction, secondary bladder 
neck obstruction, and difficult stent removal.?”1010811! 
The Memokath device is associated with a high rate of 
migration, recurrent UTIs, and calcification, making it 
more suitable for the short-term treatment of DESD.!071!7 

Urothelial hyperplasia first occurs during growth of ure- 
thral mucosa over the stent, and usually resolves by the 
time the stent is completely covered, a process which can 
take anywhere from 3 months to 1 year.” Incorporation of 
the device into the urethral wall lowers the likelihood of 
stone formation, infection, and migration.'°'!? Epithelial 
hyperplasia can lead to stent obstruction in 5% of cases, 
which can be remedied with endoscopic resection.” 
Calcific encrustation may occur at the ends of the Urolume 
device, which are the last areas to become epithelialized.!°” 

Stent migration is the most common reason for stent 
removal and can usually be diagnosed by cystoscopy or a 
pelvic X-ray. The most recent report of the North 
American Multicenter Urolume Trial found a 28.7% rate of 
stent migration, with approximately 40% of cases occur- 
ring within the first 3 months after insertion.” Reasons for 
stent migration include previous bladder neck or prostatic 
surgery, previous sphincterotomy, urethral catheterization 
before epithelialization took place, and dislodgement dur- 
ing stool disimpaction or patient transfers.?”'!°° Wilson 
et al, in a review of stent failures, discovered urethral 
obstruction in one patient who had had tandem stents 
placed, secondary to one stent telescoping on the other 
more proximal stent.'°* The long-term rate of secondary 
bladder neck obstruction is 26.3% with the Urolume endo- 
prosthesis,” and is thought to be a result of bladder neck 
dyssynergia masked by the presence of DESD.""! If conser- 
vative management with alpha-blockade fails, then bladder 
neck incision or resection can be performed. 

Despite several large series detailing the ease with which 
the Urolume can be removed even when completely 
epithelialized, many investigators have reported cases of 
stent explantation which were difficult and tedious.!0718 
Despite following the manufacturer’s directions for pros- 
thesis removal, the stent has been known to disintegrate 
and unravel, requiring piecemeal removal of each individ- 
ual wire in a time-consuming process. Wilson et al 
described two cases of challenging stent removal, one of 
which required making a perineal incision, and the other 
resulting in avulsion of the urethral mucosa. "°S 


Balloon dilatation of the external 
urethral sphincter 


The concept of dilating the urethra with a balloon in order 
to treat high intravesical pressure was first described by 


Figure 57.11 
Urethral avulsion (a) stent exposed on right side (arrow); 
(b) after stent removal. 


Bloom et al, who employed this technique to lower the 
leak-point pressures of 18 children with myelomeningo- 
cele.'*? Since then, Chancellor et al have compared the 
short-term results of balloon dilatation of the external 
sphincter to sphincterotomy and stent insertion in the 
treatment of spinal cord injured men with DESD. All three 
modalities were found to be equivalent in terms of decreas- 
ing voiding pressure, postvoid residual, and autonomic 
dysreflexia at a mean follow-up time of 15 months. 
Complications occurring in 20 cases of balloon dilatation 
were blood transfusion (1), recurrent sphincteric obstruc- 
tion (3), and bulbar urethral stricture (1).!” 
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Botulinum toxin A injection 
into the external urethral 
sphincter 


The following technique was described by Smith et a 
Between 100 and 200 U of botulinum toxin A (BTX-A) are 
mixed with 4 ml of saline just before injection. The vial 
should not be shaken. A rigid cystoscope and a standard 
cystoscopic collagen injection needle are used to inject 
BTX-A deeply into the external sphincter at the 3, 6, 9, and 
12-o’clock positions in equal aliquots. These injections 
should be directed deeper than collagen injections to target 
the nerve terminals innervating the skeletal muscle. 


l 124 


Results and complications of 
botulinum toxin for the external 
sphincter 


Smith et al'** reported that, of 68 patients with either mul- 
tiple sclerosis or spinal cord injury undergoing this proce- 
dure, 32 had follow-up of at least 6 months. The mean 
postvoid residual urine volume decreased from 250 to 88 ml 
after the procedure, and maximal voiding pressures 
decreased. Retention requiring catheterization decreased by 
80%, and patients experienced decreased urinary tract 
infection rates. Four percent of patients noted either wors- 
ening or new-onset stress urinary incontinence. Phelan et al 
performed a prospective study on 21 patients, with follow- 
up ranging from 3 to 16 months.'”° Following urethral 
injection of Botox, voiding pressures decreased an average 
of 38%. Sixty-seven percent of patients reported improve- 
ment in voiding patterns. No complications or side-effects 
were noted. In another study, Schurch et al treated 24 
patients with spinal cord injuries and DESD with BTX-A 
injection.'”° Significant improvement in DESD was noted in 
88%, with decreased postvoid residuals in most. The effects 
lasted 3 to 9 months, with no adverse events reported. Since 
the muscle-relaxing properties of the toxin are time- and 
dose-related, repeated injections will likely be necessary. 


Conclusion 


In summary, treatment of the male neurogenic bladder 
patient with refractory DESD continues to be challenging. 
Sphincterotomy and urethral stents will undoubtedly con- 
tinue to be used in the management of these difficult cases. 
While there are now several different surgical options to 
choose from in addition to sphincterotomy, none of these 
treatment modalities has been shown to be superior to 
another with respect to efficacy, and each is fraught with its 
own unique liabilities and complications. Hopefully, future 
technical advances in the construction and composition of 
urethral stents will decrease their rate of migration and 


improve the ease of explantation. There has been little 
interest in balloon dilation. However, botulinum toxin 
injection is being performed more often, with promising 
results and few side-effects. Long-term studies are needed 
to determine whether this technique will become a viable 
option for the treatment of DESD. 


Conclusions 


The surgeon endeavoring to treat a patient with urinary 
incontinence secondary to neuropathic bladder outlet 
incompetence has a number of surgical options at his dis- 
posal. Injectable agents are often employed in female 
patients with mild degrees of incontinence, patients who 
leak small amounts postbladder neck sling or reconstruc- 
tion, and patients who are not operative candidates or who 
are reluctant to undergo open surgery. The sling and AUS are 
commonly used when a more durable, long-term solution 
for incontinence is required. Because slings may be more 
successful in females than in males, some surgeons prefer to 
use slings as their first-line treatment in females and AUS as 
their primary treatment in males with neurogenic sphinc- 
teric incompetence. Reluctance to utilize the AUS in females 
stems from concerns of cuff erosion. The fascial sling may be 
preferable to the AUS in patients who do not wish to have a 
foreign body implanted or who, because of their comorbidi- 
ties or surgical history, are at high risk for cuff erosion or 
infection of the device. Bladder neck reconstruction tech- 
niques are still performed at some specialized centers with 
experience in treating myelomeningocele and exstrophy- 
epispadias patients, but their popularity is waning secondary 
to high complication rates, especially in patients who have 
already undergone bladder neck surgery. Bladder neck clo- 
sure is a suitable option for select patients who have failed 
multiple surgical attempts to increase outlet resistance or 
who have poor functional and constitutional status. 

Sphincterotomy and urethral stents have both been 
shown to be effective at treating DESD. As some recent 
reports have illustrated, however, the currently available 
urethral stents may not be as easily removed or as 
complication-free as was once thought. Choice of treat- 
ment option is often guided by what the patient perceives as 
the irreversibility of sphincterotomy compared to urethral 
stenting and botulinum toxin injection. 
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Urinary diversion 


Greg G Bailly and Sender Herschorn 


Introduction 


The goals of urologic management of neurogenic bladder 
dysfunction are to achieve and maintain low-pressure uri- 
nary storage and voiding, with preservation of the upper 
urinary tract and achievement of urinary continence. 
Long-term management has been facilitated by the wide- 
spread acceptance of clean self-intermittent catheterization 
(CIC). The introduction of new medications over the past 
few years has also contributed to management. The vast 
majority of patients with neurogenic bladder dysfunction 
can be managed without resorting to urinary diversion. 
However, there continues to be patients who are unwilling 
or unable to perform self-catheterization or to be intermit- 
tently catheterized. There are others who, despite appropri- 
ate management, are unable to maintain low-pressure 
urinary storage and voiding and/or continence. It is these 
patients who may benefit from lower urinary tract recon- 
struction and urinary diversion rather than resort to 
indwelling Foley catheters. 

Patients with neurogenic bladder dysfunction are fol- 
lowed regularly with clinical evaluation, laboratory test- 
ing with serum creatinine and urine cultures, upper 
tract imaging (usually ultrasound), and urodynamic 
studies. The storage and voiding problems are usually 
addressed with a combination of CIC and various med- 
ications. Males with spinal cord injuries are frequently 
managed with condom drainage with or without 
CIC. However, outlet-relaxing procedures, such as 
transurethral sphincterotomy” or Urolume stent,’ are 
occasionally needed in suprasacral cord injury patients 
with high detrusor pressures and sphincter dyssynergia. 

Neurogenic bladders in women may be harder to 
manage. Urethral CIC may be difficult for wheelchair- 
bound women and incontinence between CICs may also 
be more difficult to contain. 

The aim of long-term follow-up of patients with neuro- 
genic bladder disease is to prevent any changes that may 
lead to upper tract compromise. The complications of high 
intravesical pressures are well described and include upper 
tract dilatation, reflux, stones, pyelonephritis, and renal 


failure.** In addition, the patients may present with clini- 
cal symptoms. Changes in overall health can often be the 
first sign that the bladder may not be functioning satisfac- 
torily. Worsening of incontinence, recurrent urinary tract 
infections, autonomic dysreflexia, suprapubic or back pain, 
as well as changes in the neurologic status of some patients, 
often indicate an alteration in lower urinary tract. These 
important clues can direct the urologist toward the appro- 
priate investigations. 

An outline of management of neurogenic bladder in 
relation to urinary diversion is shown in Figure 58.1. 
Urinary diversion, although frequently employed in the 
past for the treatment of neurogenic bladder dysfunction, 
is now only required in special circumstances. The com- 
monly accepted indications include hydronephrosis that 
may be accompanied by progressive renal deterioration 
secondary to ureteral obstruction from a thick-walled 
bladder or intractable ureterovesical reflux, recurrent 
episodes of urosepsis, and persistent storage or emptying 
failure when CIC is impossible.° If, in the opinion of the 
urologist, the upper tract deterioration and/or storage 
problem cannot be managed with bladder augmentation 
surgery alone then urinary diversion may be indicated. 
Another reason for diversion is when urethral CIC is not 
feasible. 

Unmanageable incontinence, while not life-threatening, 
may lead to skin breakdown, persistent infection, social 
isolation, and negative psychologic impact on patients. 
When procedures such as bulking agents, slings, artificial 
sphincters, and augmentation cystoplasty are unsuccessful 
or contraindicated, and/or urethral CIC is not possible, 
urinary diversion may be considered. Often the diversion is 
as an alternative to an indwelling catheter. Although there 
have been no randomized prospective long-term trials, 
patients with indwelling catheters have more morbidity, 
such as infectious complications, calculi, and radiographic 
abnormalities, than those managed with CIC.®’ Although 
a long-term Foley catheter may be convenient, safe, and 
effective for some patients, urinary diversion may be a 
reasonable option. The various types of diversions will be 
discussed in this chapter. 
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NEUROGENIC BLADDER 
e Failure to store 


e Failure to empty 


CONSERVATIVE MANAGEMENT 
e Intermittent catheterization 
e Anticholinergic medication 


REGULAR EVALUATION 
e History and physical 

e Upper tract imaging 

e Cystoscopy 

e Urodynamics 

e Creatinine 


FAILURE OF MEDICAL MANAGEMENT 
e Hydronephrosis 

e Deterioration of renal function 

e Unacceptable incontinence 

e Inability to catheterize per urethra 


Able to self-catheterize 


Unable to catheterize 
Frail 

Creatinine > 1.8 mg/dl 
or CrCl < 40 ml/min 


CONTINENT DIVERSION 
A. Continent catheterizable pouch 
1. Indiana pouch 
2. Kock pouch 
3. T-pouch 
4. Others 
B. Catheterizable continent stoma 
with or without augmentation 
cystoplasty 
1. Mitrofanoff 
2. Hemi-Kock 


The choice of urinary 
diversion: patient 
considerations 


The selection of urinary diversion procedure is largely based 
on the surgeon’s opinion and experience, as well as his or her 
understanding of each individual patient’s medical condi- 
tion. Several important patient characteristics are consid- 
ered when choosing an appropriate form of diversion 
(Figure 58.1). Although continent urinary diversion is con- 
sidered appropriate in selected patients, these procedures are 
technically more challenging and are associated with higher 
short-term and long-term complication rates than those 


NONCONTINENT DIVERSION 
A. Conduit 
1. Ileal conduit 
2. Colon conduit 
B. lleovesicostomy 


Figure 58.1 

Surgical management of patients with 
neurogenic bladders requiring urinary 
diversion. 


operations that employ an incontinent technique.’ The 
patient’s ability to perform self-catheterization must be eval- 
uated as it significantly impacts on whether to construct a 
noncontinent or continent form of urinary diversion. 
Patients who cannot adequately perform self-catheterization 
of an abdominal stoma because of underlying neurologic 
disease or poor manual dexterity are not well suited for con- 
tinent forms of diversion. Patients with multiple sclerosis or 
quadraplegia, and very frail or mentally impaired persons 
may at some time in their lives require the care of members 
of the family or supportive workers, and should be viewed as 
poor candidates for any kind of continent diversion. 

If manual dexterity is sufficient for catheterization, other 
medical conditions may exclude a patient from undergoing 
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a continent diversion. Elderly, debilitated patients with 
other significant medical co-morbidities are generally not 
good candidates for continent diversion. In addition to 
poor outcomes, these patients have higher perioperative 
risks. Although surgical techniques have improved over the 
past two decades, continent diversions often take longer to 
perform and have increased potential for complications 
compared to noncontinent diversion, and therefore proper 
patient selection is paramount to successful outcome. 

Renal insufficiency is a relative contraindication to conti- 
nent forms of diversion.*'! Continent diversion allows 
longer exposure time of urine to mucosa, subsequently 
increasing the risk of developing electrolyte disturbances, 
particularly in the patient with renal insufficiency. As a gen- 
eral rule, patients with a preoperative creatinine of greater 
than 1.8 mg/dl should undergo a noncontinent form of 
diversion.” A patient with borderline renal function should 
have a creatinine clearance calculated. A minimal creatinine 
clearance of 40 ml/min should be documented before the 
patient is deemed an appropriate candidate for a continent 
diversion.’ Hepatic function must also be evaluated. 
Significant hepatic dysfunction increases the risk of devel- 
oping hyperammonemia if the liver is unable to adequately 
process the ammonium chloride that may be produced by 
bacterial growth in the retained urine of a pouch.’ 

Once the patient has been assessed and more informa- 
tion is available on the above factors, it is important that 
the surgeon works with the patient and family/caregivers, 
without needlessly forcing the patient into one decision 
or the other. The patient’s mental status may reflect the 
willingness and motivation to comply with self-care and 
follow-up. Speaking to other patients with various forms 
of diversions often helps the patient better realize the 
expectations of surgery. The Internet may also provide 
valuable information on different forms of diversion. The 
surgeon must inform the patient of all potential risks and 
benefits of each type of diversion. Clearly, the surgeon’s 
experience and opinion, based on a review of the litera- 
ture, is crucial in protecting the patient from inappropri- 
ate or unrealistic expectations. Ultimately the decision is 
made on an individual basis with input from patient, 
care-giver, and physician. 


General principles of surgery 
Preoperative preparation 


Extensive history and physical examination are required to 
ascertain any risk factors that may affect bowel segment 
selection. These include previous surgery, regional enteri- 
tis, ulcerative colitis, diverticulitis, intraperitoneal malig- 
nancy, and prior bowel resection. The patient should be 
seen by the enterostomal therapist to have appropriate 
marking of the stoma site. The spot should be marked 


carefully with ink and then the skin etched when the 
patient is anaesthetized. 


Bowel preparation 


The patient usually receives mechanical bowel preparation 
prior to surgery, in an attempt to reduce the amount of 
feces. An antibiotic bowel preparation is used to reduce the 
bacterial count. Bowel preparation has been shown to 
decrease the rates of wound infection, intraperitoneal 
abscesses, and anastomotic dehiscence rate.'*'* The true 
benefit of mechanical bowel preparation is poorly defined in 
the literature. Although it reduces the total number of bac- 
teria, the change in concentration of bacteria may remain 
unchanged. Despite this, most urologic, colon, and rectal 
surgeons in North America routinely prescribe mechanical 
bowel preparations.'»'® The type of preparation varies from 
center to center, but usually includes either fleet oral sodium 
phosphate, polyethylene glycol electrolyte (PEG) solution 
(GoLYTELY or NuLYTELY, Braintree Laboratories, 
Braintree, Massachusetts), or magnesium citrate. PEG 
requires administration of large volumes (approximately 4 
litres) of fluid, but is extremely safe in most cases since there 
is virtually no net absorption of ions or water in the gut. 

Oral sodium phosphate, that is Fleet Phospho-Soda (CB 
Fleet Co, Lynchburg, Virginia), has replaced PEG at many cen- 
ters, largely because it appears to be better tolerated by 
patients.'° This compound acts as an osmotic cathartic, caus- 
ing large volumes of water to be translocated into the bowel, 
which results in diarrhea and bowel cleansing. Two 45 ml 
doses are usually ingested 4 hours apart the night before 
surgery.” At least three 8-ounce glasses of water should be 
consumed after each dose, with as much clear liquid as possi- 
ble until midnight. When compared with PEG, Phospho-soda 
has been shown to be better tolerated and equally effective as 
judged by the surgeon, with similar wound infection rates.'* 
Patients appear to prefer Phospho- soda to PEG as well.'?”° It 
is, however, absolutely contraindicated in patients with renal 
insufficiency, symptomatic congestive heart failure, or liver 
failure with ascites.'* Most clinical studies also exclude 
patients with a creatinine greater than 2 mg/dl.'*" 


Antibiotic coverage 


Preoperative antibiotic coverage for elective bowel surgery 
continues to be an issue of controversy. Similar to our 
understanding of the benefits of a mechanical preparation 
for urinary diversion, urologists tend to use prophylactic 
antibiotics based on information extrapolated from the 
abundance of data from the colorectal surgery literature. 
Even so, the literature is not clear on what to give and how to 
give it, and no clear consistent recommendations exist. In an 
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extensive review of the use of antibiotic and mechanical 
preparations in urologic diversion surgery, Ferguson et al 
recommended 1 g of oral-based neomycin and 1 g metron- 
idazole at 5 and 11 pm the night before surgery." The use of 
antibiotics administered intravenously within an hour prior 
to making the skin incision is less controversial. The Centers 
for Disease Control (CDC) recommend a second-generation 
cephalosporin, such as cefoxitin or cefotetan, over a first- 
generation cephalosporin such as cefazolin for surgery of the 
rectum or colon.”! Additional doses may be required during 
the surgery based on the half-life of the antibiotic, or if blood 
loss exceeds 1 liter. The benefit of continued prophylactic 
antibiotics during the postoperative period is unproven. The 
CDC recommends that prophylactic antibiotics should not 
be continued for more than 24 hours.” 

The disadvantages of antibiotic use include postopera- 
tive increase in the incidence of diarrhea, pseudomembra- 
nous colitis, and, with prolonged use, the potential for 
malabsorption of protein, carbohydrate, and fat.” 


Surgical principles 
Intestinal anastomosis 


Because urinary diversion is dependent on reconstructing 
various segments of bowel, it is important to understand 
certain basic principles of intestinal surgery. Much of the 
morbidity and mortality associated with urinary diversion 
in the immediate postoperative period relates to intestinal 
complications.” The fundamental principles of intestinal 
anastomoses include adequate mobilization, maintenance 
of blood supply, apposition of serosa to serosa of the two 
bowel segments, and creation of a watertight and tension- 
less anastomotic line. Various methods of performing the 
enteroenterostomy are well described.” Sutures or staples 
can be used with similar complication rates.” 


Ureterointestinal 
anastomoses 


Many different types of ureterointestinal anastomoses have 
been used in urinary diversion surgery, but all should 
follow basic surgical principles. Only as much ureter as 
necessary should be mobilized to result in a tensionless 
anastomosis. Periadventitial tissue should remain to ensure 
adequate blood supply. The anastomosis with the intestine 
should be performed with fine (4-0 or 5-0) delayed 
absorbable sutures, with the creation of a watertight 
mucosa to mucosa apposition. At our center, we attempt to 
retroperitonealize the anastomoses. 

The issue of antirefluxing ureteric anastomoses is 
controversial. While some experimental literature indicates 


Figure 58.2 

Bricker ureterointestinal anastomosis. (a) A full thickness serosa 
and mucosal plug is removed from the bowel. Interrupted 5-0 
delayed absorbable suture approximates the ureter to the full 
thickness of the bowel mucosa and serosa. (b) A supportive 
suture layer can be added from the adventitia of the ureter to 
the serosa of the bowel. (Reproduced with permission from 
McDougal WS. Use of intestinal segments and urinary diversion. 
In Walsh PC, Retik AB, Vaughan ED et al, eds. Campbell’s 
Urology, 8th edn. Philidelphia: WB Saunders, 2002: 3766.) 


a benefit, the results of clinical studies of colonic 
conduits with antirefluxing anastomoses are equivocal. 
Deterioration of the upper tracts for ileal and colon con- 
duits has been reported in 10 to 60% of the patients.” In 
one series, 49% of the upper tracts showed changes after 
conduit diversion, 16% of which had a blood urea nitro- 
gen increase of 10 mg/dl or more.” However, deteriora- 
tion of the upper tracts is usually a consequence of either 
infection or stones, or less commonly obstruction at the 
ureteral intestinal anastomosis.” In a prospective ran- 
domized comparison of ileal and colonic conduits into 
which one ureter was implanted with and the other with- 
out the antireflux technique, renal scarring was more 
prominent on the refluxing side.” However, split renal 
function test data for separate glomerular filtration rate 
(GFRs) showed no difference after 10 years.”° These find- 
ings do not support the use of nonrefluxing ureteroin- 
testinal anstomoses for conduits. The final decision often 
rests with the surgeon’s preference. At our center, we use 
refluxing anastomoses (Bricker or Wallace technique) for 
ileal conduits (Figures 58.2 and 58.3). 
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Figure 58.3 

Wallace ureterointestinal anastomosis. (a) Both ureters are 
spatulated and are laid adjacent to each other. (b) The apex of 
one ureter is sutured to the apex of the other ureter. The medial 
walls of both ureters are then sutured together with interrupted 
or running 5-0 delayed absorbable suture. The lateral walls 

are then sutured to the bowel. (c) A ‘Y-type’ variant of above. 

(d) The ‘head-to-tail’ variant. (Reproduced with permission from 
McDougal WS. Use of intestinal segments and urinary diversion. 
In Walsh PC, Retik AB, Vaughan ED et al, eds. Campbell’s 
Urology, 8th edn. Philidelphia: WB Saunders, 2002: 3766.) 


The ureterointestinal anastomoses of continent reser- 
voirs are usually nonrefluxing.’” Depending upon which 
continent reservoir is chosen, the nonrefluxing mechanism 
can be constructed from intussuscepted bowel segments 
made by forming a flap valve in the intestinal wall, by tun- 
nel implantation of the ureters, or by providing a long prox- 
imal loop.” The type of urinary diversion usually dictates 
which method of ureterointestinal anastomosis is chosen. 


The stoma 


For many patients, the stoma is a very important aspect of 
the surgery. Much of the success of a stoma can be depen- 
dent on appropriate selection of the stomal site. A noncon- 
tinent stomal site should accommodate a collection device 
that does not leak, while maintaining patient comfort 
when wearing clothes. It should meet these requirements 
in the standing, sitting, and supine position (Figure 58.4). 
Though commonly located in the right lower quadrant, the 
stoma may be positioned in other locations if body habitus 


Figure 58.4 
The stoma site is selected and marked on the surface of the 
abdomen where the skin is not rolled into folds while the 
patient is either sitting or standing. (Reproduced with 
permission from Hinman F Jr. Atlas of Urologic Surgery. 
Philadelphia: WB Saunders, 1998: 647.7’) 


Figure 58.5 

(a and b) Rosebud stoma: 5-6 cm of intestine is brought through 
the abdominal wall. The open bowel is sutured to the skin with 
four quadrant sutures of 3-0 delayed absorbable sutures that 
pass through the skin edge, then catch the adventitia of the 
bowel well below the level of the skin, and finally go through the 
mucosal edge, thus everting the stoma. Additional sutures are 
placed through the skin and bowel edge between the quadrant 
sutures to close the gap. (Reproduced with permission from 
McDougal WS. Use of intestinal segments and urinary diversion. 
In Walsh PC, Retik AB, Vaughan ED et al, eds. Campbell’s 
Urology, 8th edn. Philidelphia: WB Saunders, 2002: 3760.) 


creates a problem, as is sometimes seen in patients with 
neurogenic bladders. A commonly used stoma for an 
incontinent conduit is the nipple, sometimes called the 
rosebud, described by Brooke in 19548 (Figure 58.5). It is 
usually created as the last step in the conduit construction. 

The location of the catheterizing stoma of the continent 
diversions is often placed in the lower quadrant of the 
abdomen through the rectus bulge and below the ‘bikini 
line’, or at the umbilicus. The umbilicus is the preferred 
location for someone in a wheelchair because of easier 
access, and occasionally it is placed even higher than the 
umbilicus due to body habitus. 
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Diversions 


Noncontinent urinary 
diversion 


The first attempt at using isolated segment of bowel for 
urinary diversion was reported in 1908 by Verhoogen, who 
described a technique to divert urine into an isolated seg- 
ment of ileum and ascending colon.” Construction of the 
ileal loop conduit was first reported by Seiffert in 1935.*° 
However, his procedure lacked effective means to collect and 
store urine. It was not until Bricker reported his technique 
that the ileal conduit became an acceptable method of uri- 
nary diversion.” This generally refers to the ileal conduit, 
although various forms of conduits can be constructed from 
colon or jejunum. An alternative form of noncontinent 
diversion to the conduit is an ileovesicostomy. 


The conduits 


Ileal conduit 
Background 


Since 1950, the Bricker ileal conduit has been the standard 
for noncontinent urinary diversion.*! Still today, the ileal 
conduit remains the most popular form of urinary diver- 
sion.” It is the most straightforward of the diversionary 
procedures to construct, with overall fewer complications 
than rival continent diversions.” It is the most appropriate 
urinary diversion in elderly, debilitated patients and in 
those who lack the hand-eye coordination or manual 
dexterity for self-catheterization, or the motivation to care 
for a continent pouch. 


Technique 


Little has changed since Bricker described his technique of 
the ileal conduit in 1950.*! Blood supply is based on the 
superior mesenteric artery (SMA). The jejunal and ileal 
branches of the SMA anastomose to form arcades of 
vessels, which can be easily transilluminated through 
the mesentery during the operation for preservation of 
the blood supply to the conduit. 

A lower vertical midline incision is made from the sym- 
physis pubis to the umbilicus or beyond. The ureters are 
identified and transected approximately 3 or 4 cm above 
the bladder. The left ureter is brought under the sigmoid 
colon through the sigmoid mesentery to the right side, tak- 
ing care to avoid damage to both the sigmoid and ureteral 
blood supply. The ileum is inspected to insure healthy 
disease-free tissue. About 15-20 cm from the ileocecal 
valve, a 15-20 cm segment of ileum is selected, a length 


that will extend from the sacral promontory to the abdom- 
inal wall without tension. Two windows are constructed in 
the mesentery, with care taken to keep the base of the 
mesentery as wide as possible to prevent ischemia of the 
segment. The distal window usually measures 10-15 cm, 
and the proximal window can be much shorter at 3-5 cm. 
The bowel is transected, and the disconnected ileal seg- 
ment is placed inferior to the remaining bowel segments. 
The bowel is reanastomosed using staplers or a standard 
two-layer closure. The mesenteric trap is closed. The 
ureteroileal anastomoses are performed either separately as 
with the Bricker technique, or cojoined as in the Wallace 
technique, at the proximal end of the loop. The final step is 
the creation of the stoma (Figure 58.6). 


Colon conduit 
Background 


A colon conduit may be chosen when there are functional 
or anatomic factors that preclude the use of ileum. It has a 
larger diameter than ileum and can usually be easily mobi- 
lized into any portion of the abdomen or pelvis. The three 
types of colon conduits are transverse, sigmoid, and ileoce- 
cal, each having specific indications with advantages and 
disadvantages. The transverse colon is used when one 
wants to be sure that the segment of conduit employed has 
not been irradiated in individuals who have received exten- 
sive pelvic irradiation. It is also an excellent segment when 
an intestinal pyelostomy needs to be performed. The sig- 
moid conduit is a good choice in patients undergoing a 
pelvic exenteration who will have a colostomy. An ileocecal 
conduit has the advantage of providing a long segment of 
ileum when long segments of ureter need replacement, as 
well as the advantage of providing colon for the stoma. 
Because of its large lumen, stomal stenosis is rare. It is also 
used in situations in which free reflux of urine from the 
conduit to the upper tracts is thought to be undesirable. 
Contraindications to the use of transverse, sigmoid, and 
ileocecal conduits include the presence of inflammatory 
large bowel disease and severe chronic diarrhea. 


Ileal vesicostomy 


The concept of ileal vesicostomy arose from the successful 
management of pediatric neurogenic bladders by the cre- 
ation of a vesicostomy. It is an alternative to an ileal conduit 
in some patients. It avoids the complications of ureteroin- 
testinal anastomosis, while maintaining the native ureteral 
antireflux mechanism. The addition of a small segment of 
ileum from the bladder to the abdominal wall acts to main- 
tain low pressure in the bladder. The ileal segment is often 
referred to as a ‘chimney, the distal end which is brought up 
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Figure 58.6 

The ileal conduit at completion. (Reproduced with permission 
from Hinman F Jr. Atlas of Urologic Surgery. Philadelphia: WB 
Saunders, 1998: 654.7”) 


to the abdominal wall and a rosebud stoma fashioned. It is 
important to use as short a segment of ileum as possible 
and to avoid a circular anastomosis between the ileum and 
the bladder. Redundancy of bowel may inhibit urinary flow 
and lead to electrolyte disturbances.” Theoretically, this 
results in a low-pressure reservoir that, if indicated at a later 
date, can be converted back to normal anatomy. 


Technique 


With the patient in the supine position, a lower midline inci- 
sion is usually adequate. A 10-15 cm ileal segment is isolated, 
depending on what length is required to bridge the gap 
between the abdominal wall and bladder dome, leaving 
approximately 20 cm of terminal ileum and the ileocecal 
valve intact. The bowel reanastomosis is performed according 
to the surgeon’s choice. The bladder is mobilized from the 
pelvic wall by dividing its lateral attachments, and the blad- 
der dome is generously opened transversely. The proximal 
ileal segment is spatulated approximately 4—6 cm along its 
antimesenteric border, and anastomosed to the open bladder 
with 2-0 absorbable suture. The distal taubularized segment 
is brought out to the abdominal wall at a predetermined site 
and a stoma is created, as in the ileal conduit (Figure 58.7). 
A Foley catheter is left indwelling and exits through the 
stoma. An ileovesicostomy cystogram is performed 3 weeks 
postoperatively to ensure adequate healing of the suture line, 
and, if there is no leak, the catheter is removed.” 


Continent urinary diversion 
Background 


Continent urinary diversion includes any reservoir sub- 
served by a catheterizable efferent mechanism other than 


Figure 58.7 

The ileovesicostomy. (Reproduced with permission from 
Hinman F Jr. Atlas of Urologic Surgery. Philadelphia: WB 
Saunders, 1998: 641.2”) 


the native urethra and bladder neck.** Continent urinary 
diversion is used in patients with malignancy who require 
cystectomy and/or urinary diversion. It may also be used 
for the patient with a neurogenic bladder who requires uri- 
nary diversion and wishes to remain continent, and who is 
deemed to be a good candidate based on factors described 
earlier. The surgeon must consider the patient’s motiva- 
tion, adaptability, coping skills, and overall dexterity before 
embarking on a more complex continent diversion. 

If possible, we generally try to preserve the bladder, thus 
maintaining the ureteral antireflux mechanism while 
adding to the capacity of the reservoir. When this cannot 
be achieved due to significant bladder disease, a continent 
catheterizable pouch may be a better option. The following 
section will review the continent supravesical reservoir and 
the continent bladder stoma. 


The continent supravesical 
reservoir 


Continence mechanisms 


Although various forms of continent diversions were 
attempted in the past, it was not until Kock, in 1982, 
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reported the construction of an ileal reservoir for use in 
urinary diversion that renewed interest in continent diver- 
sion was generated.” Its use in the neurogenic bladder 
population requires careful evaluation of physical and 
mental capabilities to ensure proper patient selection. 

Continent catheterizable pouches are much more surgi- 
cally complex than the conduits. Perhaps the single most 
demanding technical aspect of a catheterizable pouch is the 
construction of the continence mechanism, of which four 
general techniques have been described.” 

The first technique is sometimes performed for right colon 
pouches, and involves using the appendix or a pseudoappen- 
diceal tube fashioned from ileum or right colon." 

The second type of continence mechanism used in right 
colon pouches is the tapered and/or imbricated terminal 
ileum and ileocecal valve. This involves imbrication or pla- 
cation of the ileocecal valve region along with tapering of 
the more proximal ileum in the fashion of a neourethra.?®- 
*° This technique has been criticized by some because of the 
loss of the ileocecal valve and the consequences of more 
frequent bowel movements in some patients. 

The third type of continence mechanism uses an intussus- 
cepted nipple valve, or more recently, the flap valve. The cre- 
ation of the nipple valve is very technically demanding, and is 
associated with the highest complication and reoperation 
rate.” A significant learning curve is required, and thus this 
technique is not meant for the surgeon who performs the 
occasional continent pouch. Many modifications have been 
made to the original Kock pouch description, because of the 
disappointment in long-term stability of the nipple valve in 
some patients. Despite the modifications, nipple valve failure 
can be observed in 10 to 15% of cases with the most 


Figure 58.8 

Indiana Pouch. (a) A 25-30 cm segment of 
cecum, ascending colon, and hepatic flexure, 
in addition to 8—10 cm of terminal ileum, is 
selected.The ascending colon is split down 
the antimesenteric border to within 2 cm of 
the caudal tip. (b) An ileocolostomy is 
performed using a suture technique or by a 
stapled method. The ureters are inserted by a 
submucosal technique. (c) A Malecot catheter 
is placed through the wall of the lowest part 
of the complex, in a position to allow direct 
exit through the abdominal wall. The 
U-shaped defect is closed by folding the distal 
portion of the colon into the proximal end 
and sutured into place with a running 3-0 
absorbable suture. A serosal Lembert stitch 
with occasional lock stitches is added. The 
ileum is left to form the cutaneous conduit 
with tapering, as shown in Figure 54.9. 
(Reproduced with permission from Hinman F 
Jr. Atlas of Urologic Surgery. Philadelphia: WB 
Saunders, 1998: 698.2’) 


experienced surgeons.” Failure may result from eversion and 
effacement of the intussusception and ischemic atrophy 
requiring a new nipple to be constructed. As well, stone for- 
mation on eroded or exposed nipples can present a problem. 
A group from the University of Southern California has 
developed a new procedure, the T-pouch, which uses a much 
simpler procedure to create a flap valve, which results in both 
a continence and antireflux mechanism.*™*! 

The fourth procedure involves the construction of a 
hydraulic valve, as in the Benchekroun nipple.” This pro- 
cedure has been largely abandoned because of nipple 
destabilization and stomal stenosis and will not be 
discussed. 


Types of continent 
supravesical reservoirs 


Indiana pouch 


The Indiana pouch was first reported by Rowland of the 
University of Indiana in 1985, and has since become one of 
the most popular forms of continent urinary diversion.” It 
uses the right colon as a reservoir while using reinforce- 
ment of the ileocecal valve for continence and tunneled 
tenial ureteral implantation for antireflux (Figure 58.8). 
The remaining ileal limb acts as the ‘neourethra, which can 
be tapered and brought out through the abdominal wall as 
a stoma (Figure 58.9). Several variations of the Indiana 
Pouch exist, including the Florida (Tampa) pouch’! and 
the University of Miami pouch.*? 
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Figure 58.9 


Tapering of ileal cutaneous conduit for Indiana Pouch. Apposing Lembert sutures are applied on each side of the terminal ileum. Excess 
ileum can also be tapered by a stapling technique. (Reproduced with permission from Benson MC, Olsson CA. Cutaneous continent 
urinary diversion. In Walsh PC, Retik AB, Vaughan ED et al, eds. Campbell’s Urology, 8th edn. Philidelphia, WB Saunders, 2002: 3821.°°) 


Kock pouch (continent ileal reservoir) 


Unlike the Indiana pouch, the Kock pouch maintains the 
ileocecal valve, and uses only small bowel to create a low- 
pressure reservoir.” Continence of urine and prevention of 
reflux to the upper tracts is achieved by constructing ‘nip- 
ple valves’ (Figure 58.10). It has been criticized for being 
technically difficult and is associated with a high complica- 
tion rate. As such, it has been abandoned by many urolo- 
gists. However, the Kock limb (nipple valve) remains an 
important procedure as a means for constructing a conti- 
nent catheterizable stoma, such as with the hemi-kock 
augmentation cystoplasty. 

Other types of pouches that are used less frequently 
include the Mainz pouch, the UCLA pouch, the T-pouch, 
and the Penn pouch, none of which will be discussed here. 


Continent bladder stoma 


At our center, we aim to preserve the patient’s native blad- 
der if possible, thereby performing an augmentation cysto- 
plasty and incorporating a continent bladder stoma. 


Preserving the bladder and avoiding the ureterointestinal 
anastomoses should lead to fewer complications. It is desir- 
able for the patient to be able to visualize the opening so 
that the catheter tip may be directed easily and unimpeded. 
Two popular methods of achieving a continent catheteriz- 
able bladder stoma include the Mitrofanoff procedure and 
the hemi-Kock (nipple valve) with or without formal 
augmentation cystoplasty. Urethral continence may be 
addressed simultaneously if necessary, depending on its 
severity. This usually involves a pubourethral sling, closure 
of the bladder neck, or insertion of an artificial urinary 
sphincter.” 


The Mitrofanoff principle 


In 1980, Mitrofanoff described a continence mechanism 
using the appendix or ureter to create a flap valve, and 
at the same time a neourethral conduit to the bladder.“** 
The appendix is mobilized on its mesenteric stalk and 
implanted on the bladder dome (Figures 58.11-58.13). The 
proximal lumen is tunneled as an antireflux mechanism. As 
the reservoir fills, the rise in intravesical pressure is trans- 
mitted through the epithelium and to the implanted 


Urinary diversion 679 


conduit, coapting its lumen. This mucosal tunneling tech- 
nique is very important to achieving continence. 

The appendix has many advantages over methods for 
creating a continent catheterizable stoma.*° The intralu- 
minal pressure can rise nearly threefold that of the reser- 
voir itself.“ Perhaps the most important aspect of the 
flap-valve mechanism is the tunnel length to lumen ratio. 
Urodynamic evaluation has shown that a minimal tunnel 
length of 2 cm is required to achieve continence.*® The 
Mitrofanoff principle can be used on native bladder, 
enterocystoplasty, or in a continent urinary reservoir. 
Because it is so reliable in preventing incontinence, it 
may place the patient at risk for upper tract deterioration 
or spontaneous rupture of the bladder or reservoir if reg- 
ular catheterization is not performed. The appendix is 
particularly well suited for children because it is rela- 
tively longer and the abdominal wall is thinner. It also 
circumvents many of the secondary complications 
associated with using the ileocecal valve or other bowel 
segments. 


Figure 58.10 

Construction of a nipple valve for the Kock 
Pouch. (a) A 15 cm segment of terminal ileum 
is isolated and opened along its antimesenteric 
wall. The proximal 10 cm serves as the 
continent intussusception and the distal 

5-10 cm as the patch. The size of the patch 
varies according to the size of the excised 
segment. (b) A Babcock clamp is advanced into 
the terminal ileum, the full thickness of the 
intussuscipiens is grasped, and it is prolapsed 
into the pouch. (c) Three rows of 4.8 mm 
staples are applied to the intussuscepted 
nipple valve using the TA55 stapler. (d) A small 
buttonhole is made in the back wall of the ileal 
plate to allow the anvil of the TA55 stapler to 
be passed through and advanced into the 
nipple valve. A fourth row of staples is applied. 
The figure shows two valve mechanisms. In this 
instance, there would be only one. (e) The anvil 
of the stapler can be directed between the two 
leaves of the intussuscipiens and the fourth 
row of staples applied in this manner. The 
figure shows two valve mechanisms. In this 
instance, there would be only one. 

(a) Reproduced with permission from Ghoneim 
MA, Kock NG, Lycke G, El-Din AB. An appliance- 
free, sphincter-controlled bladder substitute. 

J Urol 1987; 138: 1150—4;® (b—e) from Hinman 
F Jr. Atlas of Urologic Surgery. Philadelphia: WB 
Saunders, 1998: 688-9,” and Benson MC, 
Olsson CA. Cutaneous continent urinary 
diversion. In Walsh PC, Retik AB, Vaughan ED et 
al, eds. Campbell’s Urology, 8th edn. 
Philidelphia: WB Saunders, 2002: 3808.38) 


Hemi-Kock augmentation 
enterocystoplasty 


As an alternative to the Mitrofanoff procedure, patients may 
undergo a hemi-Kock ileocystoplasty with continent stoma 
permitting abdominal catheterization into the bladder. At our 
center, we have performed this procedure on various patients, 
including those who were wheel-chair-dependent, when ure- 
thral catheterization was difficult or impossible due to physical 
disability, and those who were unable to perform intermittent 
urethral catheterization or had a urethra that could not be 
rehabilitated due trauma or surgery.” This procedure can be 
performed in conjunction with an incontinence procedure, 
including closure of the bladder neck in select cases. 

Using a low midline incision, the bladder is accessed and, 
in the case of an augmentation, the bladder is bivalved 
(clammed) in the anteroposterior direction in the midline 
from the bladder neck to 1 cm above the trigone. The ileal 
segment is measured from a point 25 to 30 cm proximal to 
the ileocecal valve. The next 15 cm proximal to this segment 
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are for the nipple valve and the efferent limb. Up to another 
45 cm are isolated on a mesenteric pedicle if an augmenta- 
tion is performed. The nipple valve is constructed in the 
usual fashion with three lines of TA55 staples, with one line 
fashioning the nipple to the segment. If no augmentation is 
performed, the bowel segment with the nipple is approxi- 
mated to the bowel incision, and the third TA55 staple line 
fastens the nipple directly to the bladder wall. The catheter- 
izing limb is brought out through a hiatus in the lower 
abdominal wall, usually on the right side, although other 
sites, including the umbilicus, can be used (Figure 58.14). 
In a review of 47 patients who had construction of a 
hemi-Kock nipple valve as a catheterizable bladder stoma, 
Herschorn reported that 36 were dry or had mild leakage, 
and 44 (94%) patients considered their surgery to be suc- 
cessful compared with their preoperative management at a 
mean follow-up of 56 months.” Six patients required 
valve revision and/or stomal hernia surgery within the 
first 2 years. Since the technique was modified by tapering 
the limb, there was a significant improvement in revision 
rate. Kreder et al have also reported success with using the 
hemi-Kock as a means of catheterizable bladder stoma.°! 


Figure 58.11 

Mitrofanoff (appendicovesicostomy). (a) Stay 
sutures are placed at the base of the appendix, 
and the wall of the cecum is incised 
circumferentially to take a small cuff of cecum 
with the appendix. The appendiceal mesentery 
is separated a short distance from that of the 
cecum, preserving all of the appendiceal blood 
supply. The cecal defect is closed. The appendix 
is extraperitonealized behind the ileocecal 
junction. For umbilical placement of the 
stoma, it is not necessary to extraperitonealize 
the appendix. (b) For a short appendix or an 
obese patient, the appendix can be made 
longer by incorporating some of the cecal wall. 
(Reproduced with permission from Hinman F 
Jr. Atlas of Urologic Surgery. Philadelphia: WB 
Saunders, 1998: 709.7’) 


Figure 58.12 
(a and b) Through a cystotomy, a submucosal 
tunnel is made in the posterolateral wall of the 
bladder, beginning well above the right 

~ ureteral orifice. The appendix tip is implanted. 
A bladder augmentation is usually done next. 
(Reproduced with permission from Hinman F 
Jr. Atlas of Urologic Surgery. Philadelphia: WB 
Saunders, 1998: 710.7’) 


Figure 58.13 

The appendiceal base is passed through an opening in the 
abdominal wall muscles large enough to accommodate a finger. 
The appendiceal opening is sutured to the skin (sometimes at 
the umbilicus). The bladder should be hitched to the anterior 
abdominal wall, and a catheter left in the appendix. 
(Reproduced with permission from Hinman F Jr. Atlas of Urologic 
Surgery. Philadelphia; WB Saunders, 1998: 710.7) 
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Complications of urinary 
diversion 


The complications associated with urinary diversion can 
be categorized as either technical-surgical, metabolic, or 
neuromechanical. Surgical complications are related to 
the reconstruction of the bowel and diversionary unit. 
Metabolic complications are the result of how the reab- 
sorption of solutes is altered by the contact of urine with 
the bowel. The neuromechanical aspects involve the con- 
figuration of the reconstructed urinary reservoir and 
conduits and how this impacts on storage of urine. 


Surgical complications 


The complications associated with intestinal urinary diver- 
sion are displayed in Table 58.1. Postoperative surgical 
complications can also be classified as early or late. 
Nurmi et al reported on 144 patients with ileal conduits 
and found that the most common early postoperative com- 
plication was wound infection, followed by ureteroileal 
leakage, intestinal obstruction, intestinal fistulas, and acute 
pyelonephritis. Long-term complications were related to 
the delayed sequelae of intestinal surgery: stomal stenosis; 
ureteroileal stenosis; elongation; subsequent failure of the 
loop to propel urine adequately; and deterioration of the 
upper urinary tract.” 

The complications that can occur with ureterointestinal 
anastomosis include leakage, stenosis, reflux in those anas- 
tomoses that were performed to prevent reflux, and 
pyelonephritis. Urine leakage usually presents within the 
first 7 to 10 days postoperatively with an incidence of 3 to 


Abdominal wall 


Figure 58.14 

Hemi-Kock augmentation cystoplasty. (Reproduced with 
permission from Hinman F Jr. Atlas of Urologic Surgery. 
Philadelphia: WB Saunders, 1998: 732.7’) 


9%.°?°4 The use of soft ureteral stents reduces this 
incidence. Most leaks, fortunately, resolve with time and 
proper drainage, but they have been associated with peri- 
ureteral fibrosis and scarring leading to stricture forma- 
tion.” The incidence of ureteric stenosis is approximately 
1-14%.*° Stricture formation can occur at any time in the 
life of the patient, hence the importance of following 
patients with regular (every 1 to 2 years) upper tract imag- 
ing. Strictures can be anywhere along the ureter, as well as 
at the site of anastomosis. A common location is on the left 
ureter where it crosses over the aorta and beneath the infe- 
rior mesenteric artery. When a stricture is detected it is 
often treated first by endourologic or percutaneous means 
using balloon dilation or incision. Although these methods 
offer less morbidity to the patient, the long-term success 
rate is lower than open exploration (90% vs 50%).°°°” 

Stomal complications are the single most common 
problem encountered in the postoperative period after 
urinary diversion.” Early complications include bowel 
necrosis, bleeding, dermatitis, parastomal hernia, prolapse, 
obstruction, stomal retraction, and stomal stenosis. The 
incidence of stomal stenosis has been reported on average 
in 20 to 24% of patients with ileal conduits and in 10 to 
20% of those with colon conduits.” Today, stomal stenosis 
has improved with proper stomal care and better fitting 
appliances. 


Metabolic complications 


Metabolic alterations are dependent on many variables 
including the segment of bowel used, the surface area of 
the bowel, the amount of time the urine is exposed to the 
bowel, the concentration of the solutes in the urine, renal 
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function, and pH. When stomach is used, the patient may 
develop a hypochloremic, hypokalemic metabolic acidosis. 
In patients with normal renal function, this is usually not 
clinically significant. Jejunal diversions are rarely chosen 
because of their metabolic complications. They can cause 
hyponatremia, hypochloremia, hyperkalemia, and meta- 
bolic acidosis, leading to lethargy, nausea, vomiting, dehy- 
dration, weakness, and hyperthermia. This syndrome is 
more profound if proximal jejunum is used. Ileum and 
colon urinary diversion result in similar abnormalities: 
hyperchloremic metabolic acidosis. Abnormalities are 
worse in those with continent diversions than conduits, but 
unless renal function is impaired, their clinical significance 
is low. Symptoms can include easy fatigability, anorexia, 
weight loss, polydipsia, and lethargy. Regardless of the type 
of diversion, patients require regular screening of their 
electrolytes.” 

Magnesium deficiency, drug intoxication, or abnormali- 
ties in ammonia metabolism are uncommon, but may 
lead to alteration of the sensorium. Each should be identified 
and treated accordingly. Drugs more likely to be problems 
are those that are absorbed by the gastrointestinal tract and 
excreted unchanged by the kidneys. This has been reported 
for phenytoin.” Methotrexate toxicity has been documented 
in a patient with an ileal conduit.” The problems with 
chemotherapeutic agents, in particular, the antimetabolites, 
are relatively rare, but caution should be given to those with 
continent diversions receiving chemotherapy. In this case, it 
is recommended that a pouch be drained during the time 
the toxic drugs are being administered. 

Osteomalacia may occur in patients with urinary diver- 
sion secondary to a combination of persistent acidosis, 
vitamin D resistance, and excessive calcium loss by the kid- 
ney.” The degree to which each of these factors contributes 
to the syndrome varies from patient to patient. With this 
syndrome comes lethargy, joint pain, especially on the 
weight-bearing joints, and proximal myopathy. Serum cal- 
cium may be low or normal, and the alkaline phosphatase 
is usually elevated. Treatment involves correcting the aci- 
dosis and providing dietary supplements of calcium, and 
rarely vitamin D supplements. 

Bacteruria, bacteremia, and sepsis occur with greater fre- 
quency when patients have intestinal diversions, especially 
in those with conduits. About three-quarters of those with 
conduits have bacteruria at any time, yet many of them are 
asymptomatic and do not require treatment for their colo- 
nization. The main indication to treat asymptomatic bac- 
teruria is the presence of cultures dominant for Proteus or 
Pseudomonas Spp. It has been suggested that these organ- 
isms may contribute to upper tract damage.”* 

The majority of patients with catheterized pouches will 
have chronic bacteruria. Most urologists do not suggest 
treating asymptomatic bacteruria.® Patients are usually 
well protected from pyelonephritis from their nonrefluxing 
urterointestinal anastomosis. With a symptomatic pouch 
infection or pyelonephritis, antibiotic treatment should be 


administered. True pouch infections may require long 
courses of antibiotics, and, if frequently recurrent, we occa- 
sionally employ regular pouch instillation with antibiotics. 
A condition known as ‘pouchitis’ is manifested by pain in 
the region of the pouch along with increased pouch con- 
tractility.”* The patient may experience sudden explosive 
discharge of urine from the continent stoma in this setting. 
This type of scenario usually responds to longer courses of 
antibiotics. 

Because of the devastating consequences, these patients 
and caregivers must be well informed regarding urinary 
retention. It may occur from simply not catheterizing 
the stoma or occasionally when the stoma, particularly the 
with the nipple valve, obstructs or does not allow entrance 
of a catheter. This is considered a true emergency and the 
patient is instructed to seek attention from experienced 
medical personnel. It is recommended that various sizes 
and types of catheters are used, including the coude tip 
catheter. Sometimes, flexible cystoscopy is necessary. When 
significant manipulation of the stoma/pouch is required, 
we recommend leaving a catheter in for about 3 days due 
to edema. 

There is substantial evidence that urinary intestinal 
diversion has a negative impact on growth and develop- 
ment.°! These effects are most prominent in children who 
have diversions performed prior to puberty. 

Most stones formed in intestinal urinary diversions are 
composed of calcium, magnesium, and ammonium phos- 
phate. Patients with hyperchloremic metabolic acidosis, 
pre-existing pyelonephritis, and urinary tract infection 
with urea-splitting organisms are at the greatest risk of 
developing stones.® The major cause of calculus formation 
in conduits and pouches is the presence of a foreign body, 
such as staples or nonabsorbable sutures. 

The exact risk of developing cancer in a segment of 
bowel that has been incorporated into the urinary tract is 
unknown. After bladder augmentation for benign disease, 
there have been 14 cases of malignancy reported in the 
literature.® In a series of 2000 patients with a maximum 
follow-up of 22 years, only 1 case of malignancy was 
reported. 


Neuromechanical 
complications 


Perforation of a cutaneous continent diversion or 
augmentation cystoplasty with catheterizable stoma 
occurs infrequently. In the former, the incidence of perfora- 
tion/rupture is in the range of 1-2%.® In a survey of 1700 
patients in Scandinavia, 20 episodes of perforation occurred 
in 18 patients.® Rupture may occur from reservoir catheter- 
ization, endoscopic examination, a fall, or spontaneously. 
The signs and symptoms may be vague, especially in patients 
with neurologic disease who may not sense fullness. This 
possible complication should be kept in mind when these 
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Complications of urinary intestinal diversion 


Complications Type of diversion 


Patients (complications/n) Incidence (%) 


Bowel obstruction Ileal conduit 

Colon conduit 
Gastric conduit 
Continent diversion 


Ureteral intestinal obstruction Ileal conduit 


Antireflux colon conduit 


Colon conduit 


Continent diversion 


Urine leak Ileal conduit 
Colon conduit 
Continent diversion 
Ileum colon 

Stomal Ileal conduit 


stenosis or hernia Colon conduit 
Continent diversion 


Renal calculi Ileal conduit 


Antireflux colon conduit 


Pouch calculi 


Acidosis requiring treatment 


Continent diversion 


Ileal conduit 


Antireflux colon conduit 


Gastric conduit 
Continent diversion 
Ileum 

Colon or colon-ileum 


Pyelonephritis Ileal conduit 


Antireflux colon conduit 


Continent diversion 


Renal deterioration Ileal conduit 


Antireflux colon conduit 


124/1289 10 
9/230 5 
2/21 10 
2/250 4 
90/1142 

25122 20 
8/92 

16/461 4 
23/886 

6/130 

104/629 17 
5/123 4 
196/806 24 
45/227 20 
28/310 

70/964 

5/94 5 
42/317 13 
46/296 16 
5/94 

0/21 

21/263 8 
17/63 27 
132/1142 12 
13/96 13 
15/296 5 
146/808 18 
15/103 15 


From Dahl DM, McDougal WS. Use of intestinal segments in urinary diversion. In Wein AJ, Kavoussi LR, Novick AC et al, eds. Campbell-Walsh 


Urology, 9th edn. Philidelphia: WB Saunders, 2007:2534-78.4 


Composite from the literature. Follow-up averages 5 years for ileal conduits, 3 years for colon conduits, 2 years for gastric conduits, and 2 years for 


continent diversions. 


Data from Adams et al, 1988;” Althausen et al, 1978;”4 Beckley et al, 1982;°° Boyd et al, 1989;”° Castro and Ram, 1970;’° Elder et al, 1979,” 
Flanigan et al, 1975;”° Hagen-Cook and Althausen, 1979;” Jaffe et al, 1968;*° Loening et al, 1982;>4 Malek et al, 1971;8! Middleton and Hendren, 
1976;* Pitts and Muecke, 1979;® Richie, 1974;*4 Schmidt et al, 1973;% Schwarz and Jeffs, 1975;”° Shapiro et al, 1975;°° Smith, 1972;°” 


Sullivan et al, 1980.88 


patients present with pain, and consideration should be 
given to performing enterocystography or a CT scan. 


Quality of life 


In addition to maintaining low-pressure urinary storage and 
protecting the upper tracts, urinary diversion in the patient 
with a neurogenic bladder aims to improve the patient’s 


quality of life (QoL). Often this translates into providing a reli- 
able state of urinary continence which positively impacts on 
the patients’ lives. QoL issues in neurogenic bladder patients 
who have undergone urinary diversion are infrequently 
described in the literature. Much of what we know is extrapo- 
lated from the cancer population, which, in many ways, is an 
entirely different patient population. Several studies have 
recently shown an improved QoL in the neurogenic bladder 
population undergoing continent urinary diversion. 
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Whether one procedure is better than another is very 
much based on what factors were considered when choos- 
ing which type of diversion. Newer or more complicated 
methods do not always result in a better QoL in these 
patients.® In a prospective study, perceived global satisfac- 
tion was found to be high with both conduit and continent 
cutaneous diversion; it was also noted that most patients 
would choose the same procedure again.” The most 
important aspect of the decision-making process is to try 
to tailor the medical needs and wishes of the individual 
patient. If this can be achieved, the discussion regarding 
which method offers the best QoL is superfluous. 

Another important issue regarding continent versus 
noncontinent forms of diversion is the effect on the body 
image and sexuality of the patient. From the reports in the 
literature, the creation of a continent stoma results in an 
improved body image, a better QoL, and even a better 
sex life.” 7? 
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The trans-appendicular continent cystostomy 
technique (Mitrofanoff principle) 


Bernard Boillot, Jacques Corcos, and Paul Mitrofanoff 


Introduction 


Since its brief description by Mitrofanoff in 1980, in a 
French pediatric journal,’ trans-appendicular continent 
cystostomy has become the most frequently-used operation 
in patients of all ages. Surprisingly, the technique has not 
been formally described, although it is often mentioned in 
technical reference books and numerous articles.’ Only 
Mitrofanoff’s second publication in 2002? gave more tech- 
nical details, but it was mainly oriented towards pediatrics 
(congenital malformations and neurologic bladders). 

Initially described as an intervention ‘reserved’ for 
pediatric neurogenic bladders, this procedure has seen its 
indications broadened to complex cases: serious malfor- 
mations of the lower urinary tract in infants and acquired 
urinary retention of neurologic, traumatic, or iatrogenic 
origin in adults. Advances in urodynamics have redefined 
its indications of bladder augmentation, which are now 
more frequent; in all these cases, the question of whether to 
perform a concomitant trans-appendicular cystostomy 
should be raised. 

Thus, more than 25 years after its initial description, the 
Mitrofanoff technique remains topical, and we think it is 
important to provide technical information on an opera- 
tion whose success depends on respecting both its broad 
principles and procedural details. After having reviewed 
the literature, we realized that numerous modifications 
and variations of the initial technique have been proposed, 
some of which represent significant changes of the original 
procedure.”'*"'4 We are describing the original technique 
that we still follow today in our daily practice, irrespective 
of patient age and pathology. 


Technique 


The cystostomy implantation site is chosen before the 
intervention, appreciating that when umbilical implanta- 
tion is not possible, the right iliac site can be targeted. 


7~-_— 7n—__ 
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Figure 59.1 


Median sub- and peri-umbilical laparotomy. 


Approach 


Figure 59.1 illustrates the median infra- and peri-umbilical 
laparotomy. To undertake umbilical cystostomy implanta- 
tion, a cutaneous incision must be made at more than 
10mm from the left external edge of the umbilicus. How- 
ever, the white line incision must remain medial until the 
umbilicus is relieved of its ligamentary attachments. The 
umbilical depression, freed of all its subcutaneous attach- 
ments, must be perfectly mobile. We resect the bottom so 
that a 20F catheter can pass through easily. It is extremely 
important to avoid traumatizing the umbilical skin, to 
limit the risk of stomal stenosis. 
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The abdominal cavity is explored and, if present, the 
ventriculo-peritoneal diversion catheter is displaced to the 
level of the upper abdomen. 


Appendix preparation 


The minimal appendix length needed is 6 cm in lean sub- 
jects but, in most cases, we prefer to deploy a 10-cm tube. 

After palpation of the appendix, we dissect the mesoap- 
pendix by freeing it from the internal side of the cecum, 
with 4-0 absorbable ligatures (Figure 59.2a). We progress 
until we make it mobile without traction up to the cyst- 
ostomy opening. If necessary, the cecum and right colon 
are mobilized medially. The ascending colon is then 
clamped to allow sectioning of the appendix tip and mea- 
surement of its lumen: it should admit a 14F catheter. If 
not, it should be recut higher until 14F catheter passage is 
possible. 

The ceco—appendicular junction is sectioned with a cold 
blade and a cecal collar of 1 cm maximum diameter, which 
will disclose the appendix’s vascularization, and facilitate 
stomal suturing. The cecal stump is closed by continuous 
stitching with an absorbable monobrin 4-0 suture, without 
burying it. 

It may be that the appendix is too short; in this case, we 
eventually perform an enlargement procedure with a cecal 
tube modeled after a 14F catheter (Figure 59.2b). However, 
the vasculature of that enlargement has to be evaluated 
meticulously to prevent tubal stricture. 

At the level of the appendicular tip resection, the mucosa 
is attached to the appendix wall by 4 stitches with a rapidly- 
absorbable 5-0 suture (Figure 59.3a). The last 3 cm of the 
appendix tip must be freed from the mesoappendix by 
bipolar cautery of the appendix; this distal part will be 
implanted in the bladder (Figure 59.3b). 

At the end of the preparation stage, the tube must have 
the following characteristics: 


e sufficient mobility to link the bladder with the umbili- 
cus or right iliac fossa 

e a rectilinear aspect 

e a regular caliber equal to at least 14F 

e a well-vascularized cecal mucosa collar for the cuta- 
neous side of the stoma 

e a well-vascularized tip despite sectioning of the 
mesoappendix over its last 3 cm. 


The tube is then cleaned well with saline solution, intu- 
bated with a 14F catheter, and wrapped in damp com- 
presses, making sure that the pedicle is not twisted. If we 
choose subperitoneal passage (possible only if the stoma is 
in the right iliac fossa), we create slight peritoneal scarifi- 
cation through which the appendix and mesoappendix are 
exteriorized. 


(b) 


Figure 59.2 

(a) The appendix tip is resected for insertion of a 14F catheter. 
The appendix is then mobilized with selective ligatures of the 
mesoappendix vessels, and a cecal collar is sectioned. (b) If the 
appendix is too short, and if the mesoappendix is favorable, we 
perform a cecoplasty to enlarge the appendix 5 to 8 cm. 


Eventual preparation of the 
bowel for bladder 
enlargement and/or 
cecostomy 


The intestinal segment chosen for bladder enlargement is 
isolated, prepared, and wrapped in damp compresses for 
the time being. It is now that a continent Malone type 
cecostomy is performed, if planned. 


Cystostomy 


The bladder is filled with saline, then opened. The type of 
bladder incision must allow a long enough bladder flap to 
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Figure 59.3 

(a) After resection of the appendix tip, the mucosa is fixed to the 
appendix wall by 4 stitches of rapidly-absorbable 5—0 sutures. 
(b) At the end of preparation, the appendix conduit must be 
freed from the mesoappendix up to 3 cm to allow its 
implantation in the bladder. 


be fixed to the posterior side of the anterior abdominal wall 
2 cm below the level chosen for the cystostomy implant 
(taking its oblique trajectory into account). This flap will 
be the implantation site of the cystostomy tube. The blad- 
der incision line will depend on bladder size and choices 
for mobilizing the right lateral side. Generally, the cyst- 
ostomy is created with a very full bladder through a 
median line if the bladder is large (Figure 59.4a), or by a V- 
or Y-shaped incision with a posterior upper angle if the 
bladder is small (Figure 59.4b). This will create a large 
anterior flap. Three traction sutures, facilitating easy access 
to both sides of the flap, are positioned at least 15 mm from 
the appendix opening in the bladder. If the bladder is 
supple and large, it is, of course, possible to avoid the flap 
procedure, but, here again, placement of the three sutures 
framing the appendix opening in the bladder will simplify 
all subsequent manipulations. 


Appendix implantation in the 
bladder 


The appendicular tube is implanted into the bladder by an 
antireflux technique similar to the Glenn—Anderson type 
of uretero-vesical reimplantation.'> 


Figure 59.4 

(a) If the bladder is large, it is opened along the median line, and 
the implantation zone is marked off with three absorbable 
Monobrin 2-0 sutures. (b) If the bladder is small, an inverted 

Y or V incision is made in such a way that a long anterior tip 
reaches the area chosen for the continent stoma. 


The bladder tip (or the right side of the bladder in the 
case of a large bladder) is presented by the three triangula- 
tion sutures oriented towards 4 h, 8 h and 12 h (Figure 
59.5a). The suture needles are retained. This triangulation 
will allow good disposition of the mesoappendix at that 
level. The opening for bladder penetration is made with an 
electric knife and should admit a 20F catheter. In the case 
of a bladder flap, it must be situated at least 15 mm from 
the sides of the tip to allow parietal anchorage without risk, 
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Figure 59.5 

(a) The distal part of the appendix, relieved of its mesoappendix 
up to 3 cm, is passed through the opening situated 1 cm from 
the tip. (b) The appendix is positioned in the bladder submucosa 
for a length of at least 2 cm. (c) The appendix is lightly fixed to 
the bladder exterior by three stitches with absorbable 3—0 
sutures. 


and easy bladder closure. The part of the appendix without 
the mesoappendix is brought down into the bladder. A 
broad submucosal trajectory is created with scissors over at 
least 2 cm towards the bladder base (Figure 59.5b). The 
tube is placed in this trajectory and fixed to the bladder by 
five absorbable 4-0 suture stitches, of which the two that 
are the most external firmly hold the bladder musculature. 

From here onwards, the trajectory must be rectilinear, ori- 
ented towards the bladder neck, and easy to catheterize. The 
mesoappendix must be placed harmoniously between the 
bladder and the abdominal wall. We must sometimes shorten 
the appendix to ensure that the whole tube is perfectly recti- 
linear and that there is no misalignment of its trajectory. 
Generally, the cecal part can be easily shortened, but if the 
disposition of the appendix vessels requires it, we may then 
have to undo the bladder implantation and shorten the tip. 

When we are certain of its good positioning, the appen- 
dix is lightly fixed to the external side of the bladder to 
ensure the stability of its length along the antireflux trajec- 
tory (Figure 59.5c). 


‘Parietalization’ of the 
bladder and cutaneous suture 


The bladder segment where the appendix is implanted must 
be firmly fixed to the abdominal wall by 3 to 5 stitches with 
a slowly-absorbable 2-0 suture. A 14F catheter serves as a 
suture guide for bladder fitting and fixation (Figure 59.6a). 

In cases of umbilical stomas, this is the time when the 
fitting becomes a bit more difficult, as the autostatic retrac- 
tor must be loosened. 

Umbilico-appendicular attachment is accomplished by 6 to 
8 stitches with absorbable PDF (monofilament) 5-0 sutures, 
after placement of a Foley 14F catheter. The congruence of the 
two diameters must be perfect; if not, a spatulation must be 
made either on the umbilical skin or on the appendix. Then, 
the three triangulation suture stitches of the bladder flap 
are firmly fixed to the anterior abdominal wall (Figure 
59.6b). The positioning of these ‘parietalization’ points 
determines whether the cystostomy trajectory is rectilinear, 
and whether the mesoappendix is harmoniously placed. 
Slight downward traction of the bladder will help in align- 
ing the appendix (Figure 59.6c). 

Several important steps have to be followed: (1) The 
appendix must cross the median line 1 to 3 cm below the 
previous umbilicus. (2) No excess appendicular length must 
be allowed. (3) The route being median first, we are obliged 
to lightly push the tube to the right side of the incision, to fix 
the bladder well, and also to be able to continue the opera- 
tion (bladder augmentation) with a loosened retractor. 

If the site chosen for the stoma is the right iliac fossa, 
according to patient morphotype and desire, the cutaneous 
V-incision will be slightly oblique, or in the case of obesity, 
the flap will be adapted to the abdomen shape. The bladder 
is fixed to the abdominal wall in the same way, and the 
appendix is attached to the skin by separate stitches with 
5-0 absorbable sutures. Globally, this implantation site is 
easier to target than the umbilical option. 


Bladder drainage and closure 


The final part of the operation consists of closing the 
bladder on itself or on an intestinal segment for bladder 
enlargement. In general, we prefer not to install a urethral 
catheter as a Malécot 24F trans-vesico-parietal catheter will 
keep the bladder empty. A Jackson—Pratt type drain is 
installed in the perivesical space. Any mesenteric windows 
or other causes of secondary ileus must be meticulously 
controlled at this stage 


Parietal closure 


This part of the operation is difficult in the case of an 
umbilical cystostomy, since the median line must be closed 
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(b) 


Figure 59.6 
(a) The bladder and appendix are brought toward the opening under slight tension. (b) The three sutures for presentation of the bladder 
are fixed to the abdominal wall. The 14F catheter, which is calibrated to the suture scars, serves as a guide to assemble the appendix— 
bladder. (c) The three stitches are tightened and then knotted for perfect positioning of the appendix and the mesoappendix. 


General principles 


Patient capable of personal control 

Good knowledge of self-catheterization via the urethra 
Bladder can be emptied via two continence orifices 
Early and long-term treatment 

Associated Malone cecostomy 


Commitment of the surgeon to treat possible residual 
incontinence 


with slowly-absorbable, interrupted 1 PDF sutures. We 
ensure that neither the appendix nor the mesoappendix is 
stenosed. 


Postoperative care 


Second-generation cephalosporin is administered for 
antibioprophylaxis at the beginning of the operation, and 
continued if the intervention lasts more than 4 hours. 
Systemic antibiotherapy is not provided postoperatively. 

The bladder is kept empty for 2 weeks with a transpari- 
etal cystostomy catheter at least equal to 20F. A closed 14F 
catheter is left in place in the cystostomy. 


LITT TTL 


Broad principles of cystostomy performance 


Give preference to an appendix that is usable 

Keep the appendix for the bladder 

Implant in the bladder (and not in an intestinal patch) 
‘Parietalize’ the bladder and fix it to the anterior abdominal wall 
Follow a rectilinear and downward trajectory to the bladder neck 


Give preference to the umbilicus, except in women who could 
be pregnant 


At the first follow-up visit, 4 weeks after surgery, the sur- 
geon removes the 14F catheter and verifies the ease of 
catheter passage into the bladder through the Mitrofanoff 
and its downward orientation towards the bladder neck. 


Discussion 


Numerous studies and publications have been devoted to 
the Mitrofanoff technique of watertight cystostomy, which 
is considered more as ‘a principle’! but very few have 
given details of its implementation. 

The technique that we have described here is the fruit of 
experience of the initial author and of our centers which 
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Specific problems and solutions during implantation 


Appendix part Specific problems 

External part Stenosis 

Middle part Mesoappendix constriction: 
e at bladder fixation points 
e during closure of the median incision 
Nonrectilinear trajectory (quinck) because 
of excessive length 

Terminal part Submucosal trajectory is too short 


(incontinence) 


learned from him.'® We consider that the original tech- 
nique, by its coherence, reduces the risk of complications. 

On a purely technical point, we would insist on implan- 
tation of the tube in the fixed portion of the bladder, as 
described earlier under ‘Appendix implantation in the 
bladder and ““Parietalization” of the bladder and cutaneous 
suture. This technical aspect is probably the most fre- 
quently altered by other surgeons.” ®" Appendix implanta- 
tion into the mobile part of the bladder (bladder dome, 
lateral face, or an intestinal segment) is often suggested. 
Respect of this relatively difficult technical detail may, in 
our view, prevent major complications, such as stomal 
retraction and difficult catheterization. We think that tube 
implantation on a mobile wall carries the inconvenience of 
having a variable axis dependent on bladder filling, with 
the possibly increased risk of going down a wrong route. 
When the cystostomy is ‘parietalized’ in front and towards 
the bladder neck, the urethra is, as a matter of fact, in the 
axis of the cystostomy. This fixed position makes catheter- 
izations and eventual endoscopic manipulations easier. 

Another important technical point is the stomal implan- 
tation site. It is chosen according to criteria which will not 
be discussed here in detail. These criteria are particular 
patient anatomy and scars, the personal wishes of patients, 
possible future pregnancies, the risk of renal transplanta- 
tion, and the potential concomitant creation of a continent 
Malone cecostomy. This decision, well-known in pediatric 
centers, is rarely proposed in adults, although its impact on 
quality of life is very significant.'®'*!° 

We are increasingly inclined to propose umbilical 
implantation, except in patients likely to be pregnant. It is 
theoretically contraindicated in such cases because of the 
surgical risk of vesicostomy injury during cesarian section 
performed by obstetricians not aware of its technical 
details. Several case reports and a few articles have dealt 
with the issue of delivery and bladder reconstruction.” 
Vaginal delivery has been shown to be possible, but no 
long-term follow-up has evaluated the effects on conti- 
nence and prolapse. In our practice, we encourage cesarian 


Prevention and solutions 


1. Large interrupted suture with a big cecal collar 
2. Interposition of a cutaneous flap in an appendicular refend 


Always inspect the mesoappendix and color of the appendix 


Reposition the parietal mooring, shorten the appendix 


Re-do the assembly 


section, considering that a neurogenic pelvic musculature 
may not respond to delivery trauma as well as a normal 
pelvis. Furthermore, experience has taught us that in 
‘medializing’ the urinary assembly, renal transplantation 
can be undertaken with an acceptable level of difficulty. 

The notable inconvenience of umbilical implantation 
relates to positioning of the stoma at the center of the 
abdominal incision. Space given by the incision is limited 
for bladder augmentation, making the procedure more dif- 
ficult and a bit longer. Another frequent inconvenience 
encountered is the difficulty with repeated abdominal 
laparotomies: in our experience, in such rare cases, the 
problem is resolved with a catheter in the appendicular 
tube, filling the bladder to the maximum, making a longer 
incision upwards in the abdomen, and moving the aponeu- 
rotic incision a few cm left of the appendicostomy. These 
inconveniences do not appear to obviate the advantages of 
the technique, particularly in terms of continence. 

Complications are not very frequent when the technique 
is meticulously done. Incontinence through the stomal 
opening rarely occurs with a scrupulously-performed tech- 
nique (‘parietalization and minimum submucosal trajec- 
tory of at least 2 cm). When it does occur, endoscopic 
treatment of incontinence under cystoscopic guidance 
appears to be rarely effective.” Based on very limited expe- 
rience with only one case, we believe, however, that endo- 
scopic treatment inspired by the antireflux procedure, via 
the urethral route, can be effective and less invasive than a 
re-operation. 

Similarly, residual incontinence through the urethra can 
also be improved by endoscopic treatment, by a fascial 
sling procedure in females, or a mesh sling procedure in 
males. In general, we prefer to implant a sling at the time of 
abdominal surgery, but in the absence of any history of 
stress urinary incontinence, we may decide, with the 
patient, to wait and see the results of bladder augmentation 
on continence and go with the sling only afterward, if 
needed. Experience with such a technique in our hands and 
in the literature is extremely limited.”>”° 
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Stomal stenoses may occur, even with a perfectly- 
performed technique. It seems to be related to poor vascular- 
ization of the base of the implanted appendix and/or to traction 
on the stoma secondary to a too short appendix or a mobile 
‘montage’. Nevertheless, if dilatations are needed, the known 
direction and fixed submucosal trajectory make them simpler. 


Conclusions 


The trans-appendicular continent cystostomy technique 
that we have described here has proven advantages: easier 
catheterization, optimal continence, and the facility of pos- 
sible surgical changes, which remain frequent. The choice 
of doing everything to implant the appendix in the bladder 
(and not in an intestinal patch), as well as its solid parietal- 
ization in regard to the stoma so that the trajectory is 
towards the bladder neck, appears to be indispensable in 
the success of this therapeutic option. In our experience, 
however, the intervention will satisfy the patient only if 
his/her motivation is strong, if quasi-perfect urinary conti- 
nence remains the common goal of the patient and the 
surgical team, and if anorectal incontinence is treated 
efficiently to eliminate the need for diapers. 
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Tissue engineering and cell therapies for 
neurogenic bladder augmentation and urinary 


continence restoration 


René Yiou 


Research in the field of cell-based therapy and tissue 
engineering for functional urologic disorders has advanced 
considerably over the past decade, allowing several recent 
clinical trials. Here, we review two uses of these new tech- 
nologies in neurourologic disorders, namely, bladder- 
tissue engineering for neurogenic bladder and cell therapy 
for urethral rhabdosphincter insufficiency. 


Bladder replacement for 
patients with neurogenic 
bladder 


Hypertonic low-compliant bladder responsible for urinary 
incontinence or reflux in the upper urinary tract can develop 
during the course of several neurologic disorders.'"? Bladder 
augmentation performed to treat neurogenic bladder tra- 
ditionally involves the use of intestinal segments, which 
can lead to complications such as urolithiasis, adhesion 
formation, increased intestinal mucus secretion, and meta- 
bolic disturbances.’ Therefore, investigators have evaluated 
a number of other methods for increasing the size of the 
bladder. Many tissues have been used to create free grafts, 
including the skin, omentum, dura, and peritoneum. 
However, the results were unsatisfactory, mainly due to 
mechanical failure. 

In recent years, attention has turned to tissue engineer- 
ing as an alternative to free tissue grafts for bladder aug- 
mentation." Promising results were obtained in various 
animal models of cystectomy. Acellular matrices or scaf- 
folds made of various materials have been tested, either 
alone or after seeding with viable cells. The most sophisti- 
cated tissue-engineering approach involves harvesting 
autologous cells from the diseased organ, expanding these 
cells in vitro, and seeding them onto a matrix, which is then 


implanted into the donor organ (Figure 60.1). Several arti- 
fices can be used to promote vascularization of the con- 
struct, allowing the cells to grow in the shape of the 
scaffold. Eventually, the artificial scaffold breaks down, 
leaving a functionally normal organ. Three factors are 
known to influence the organ regeneration process: the 
biomaterial, which should replicate the effects of the extra- 
cellular matrix (ECM); the source of the cells that are 
seeded onto the biomaterial; and the environmental condi- 
tions during regeneration, which influence the develop- 
ment of the blood vessel and nerve supply to the construct. 


Biomaterials 


The biomaterial used to produce the scaffold acts as a sub- 
stitute for the ECM, providing anchorage for the seeded 
cells, guiding their growth into the appropriate tissue 
architecture, and storing and releasing growth factors that 
are crucial to growth and repair. The main ECM compo- 
nents are fibrous proteins and glycosaminoglycans 
(GAGs), which are produced by resident cells. GAGs are 
carbohydrate polymers that attach to ECM proteins, form- 
ing proteoglycans. Proteoglycans have a negative charge 
that attracts water molecules, ensuring adequate hydration 
of the ECM and resident cells. ECM proteoglycans include 
heparan sulphate, chondroitin sulfate, and keratin 
sulphate. Heparan sulphate regulates a wide range of bio- 
logical activities, including developmental processes and 
angiogenesis. Chondroitin sulfate contributes to the tensile 
strength of the cartilage, tendons, ligaments, and aortic 
walls. In addition to proteoglycans, the ECM contains 
hyaluronic acid, collagens, fibronectin, elastin, and laminin. 
Hyaluronic acid absorbs water, causing the tissue to swell 
and therefore to resist compression. Hyaluronic acid acts as 
an environmental cue that regulates cell behavior during 
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embryonic development, healing processes, inflammation, 
and tumor development. Collagens, the most abundant 
glycoproteins in the ECM, form fibrillar proteins that serve 
as struts to resident cells. They can be divided into several 
families based on their structure: fibrillar collagen is com- 
posed of collagens types I, II, IIL, V, and XI; fibril-associated 
collagen with interrupted triple helices (FACIT) is com- 
posed of types IX, XII, and XIV; short-chain collagen is 
composed of types VIII and X; basement membrane colla- 
gen is type IV; and other collagens include types VI, VII, 
and XIII. Fibronectin connects cells to collagen fibers, 
allowing the cells to move through the ECM. Elastins, 
which are produced by fibroblasts and smooth muscle 
cells, confer elasticity, allowing the tissue to stretch and 
subsequently to recover its previous shape. Laminins are 
proteins found in the basal lamina, where they form net- 
works of web-like structures that resist tensile forces 
related to the adhesion of cells, most notably muscle cells. 
Integrins are cell-surface proteins that bind cells to ECM 
components such as fibronectin and laminin, as well as to 
integrin proteins on the surface of other cells. 

The ideal biomaterial for tissue engineering should be 
biocompatible, promote cellular interactions, and enhance 
tissue development, thus replicating the functions of the 
normal ECM. The biomaterial should degrade slowly after 
implantation while undergoing colonization by host cells, 
so that it is eventually replaced by ECM components pro- 
duced by the seeded or ingrowing cells. Biomaterials that 
have been evaluated for engineering genitourinary tissues 
include naturally derived materials, such as collagen and 
alginate; decellularized tissue matrix such as bladder sub- 
mucosa and small intestinal submucosa (SIS); and syn- 
thetic polymers such as polyglycolic acid (PGA), polylactic 
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Design of bladder tissue engineering 
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acid (PLA), and polylactic-coglycolic acid (PLGA). The 
degradation products of PGA, PLA, and PLGA are non- 
toxic and slowly eliminated from the body. 

SIS is a xenogenic, nonimmunogenic, acellular, 
biodegradable, collagen-rich membrane derived from the 
submucosal layer of the porcine small intestine. SIS has 
been shown to promote bladder regeneration in vivo?!) 
and to support three-dimensional growth of human blad- 
der cells in vitro.’ After implantation in the bladder, SIS is 
resorbed within 8 to 12 weeks and replaced by bundles of 
organized smooth-muscle cells.!* The results differ, how- 
ever, according to the bowel segment and to the age of the 
donor animal, with optimal results possibly being obtained 
with distal ileum from sows older than 3 years." In early 
experiments, unseeded SIS was used to replace bladder tis- 
sue. Strips of rat bladder regenerated from SIS were capa- 
ble of contracting in organ-bath studies; in addition, 
histology established the presence of muscarinic, puriner- 
gic, and B-adrenergic receptors, indicating sprouting of 
host nerves toward the scaffold.? In dogs, unseeded SIS 
promoted bladder regeneration with mucosal, smooth- 
muscle, and serosal layers.'! Overall, experiments with SIS 
yielded promising results, although studies in dogs raised 
concern about possible stone formation, calcification, and 
graft shrinkage.’ 

Bladder augmentation with unseeded biomaterial relies 
on the ingrowth of smooth muscle and urothelial cells 
from the surrounding residual bladder tissue. There is now 
general agreement that urothelial cells, which have shown 
considerable regenerative potential in vivo, can colonize 
the inner surface of the scaffold, whereas smooth muscle 
cells cannot if replacement of large bladder segments is 
required.*'° The lack of colonization by smooth muscle 
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cells results in collagen deposition on the scaffold, eventu- 
ally leading to scaffold shrinkage. These data suggesting 
a need for seeding the scaffold were confirmed by 
Oberpenning et al,!° who compared seeded and unseeded 
PGA scaffolds used in dogs for bladder replacement after 
subtotal cystectomy. The seeded scaffolds were obtained by 
culturing autologous urothelial and smooth muscle cells 
from bladder biopsies and seeding them onto bladder- 
shaped PGA scaffolds. Identical scaffolds were used 
unseeded in the other group of dogs. After 11 months, the 
neobladders obtained using seeded PGA were histologi- 
cally normal and had identical urodynamic parameters to 
those measured before cystectomy. In contrast, compared 
to precystectomy values, bladder capacity was 46% in the 
group treated with unseeded PGA and 22% in the cystec- 
tomy-only control group. Overall, most attempts with 
unseeded synthetic materials failed due to urinary stone 
formation and fibroblast deposition, which led eventually 
to bladder shrinkage. Therefore, seeding of the biomateri- 
als with urothelial and smooth muscle cells prior to 
implantation is now recommended by most investigators. 


Cells for bladder-tissue 
engineering 
Bladder smooth muscle cells 


An area of concern is the quality of the smooth muscle cells 
harvested from the neurogenic bladder for in vitro expan- 
sion and seeding of the biomaterial. It is unclear whether 
cells from diseased bladders can produce functionally nor- 
mal tissue. Cultured smooth muscle cells from neurogenic 
bladders showed abnormal phenotypic features and gene 
expression profiles.'”'® They grew more quickly, contracted 
less frequently, and adhered less well than smooth muscle 
cells from normal bladder.'” Abnormal expression profiles 
were noted for up to 18 genes, including genes for fibro- 
blast growth factor and integrin signaling.'® In another 
study, however, muscles engineered from normal and 
diseased bladders exhibited similar phenotypes.” In this 
study, human smooth muscle cells from functionally 
normal bladders, exstrophic bladders, and neurogenic 
bladders were grown, expanded, and seeded onto polymer 
scaffolds, which were then implanted into athymic mice. The 
engineered bladders were removed subsequently for evalua- 
tion of their contractile response to various stimuli in organ- 
bath studies. Contractility to electrical and chemical 
stimulation was the same regardless of the origin of the cells. 
Therefore, it can be assumed that, although smooth muscle 
cells from neurogenic bladders may exhibit phenotypic dif- 
ferences compared to those from normal bladders, they 
remain capable of generating a normally functioning blad- 
der in vivo. One possible explanation is that the regenerated 


muscle originates in a small subset of the seeded smooth 
muscle cells characterized by stem-cell capabilities, which 
are unaffected by the neurologic disorder. 

Possible harmful effects of the cell-culturing process 
constitute another focus of concern when producing 
smooth muscle cells for bladder engineering. In recent 
investigations of muscle-precursor cell (myoblast) therapy 
for striated muscle diseases, the culture conditions and 
enzymatic digestion severely reduced the myogenic poten- 
tial of the cells after transplantation, although vitality and 
function seemed normal in vitro.?°** Whether prolonged 
culturing of smooth muscle cells results in similar deleteri- 
ous effects remains unknown. 

Controversy continues to surround the relative merits of 
using large numbers of fully differentiated smooth muscle 
cells expanded by culturing, or smaller numbers of smooth 
muscle cell progenitors capable of proliferating and differ- 
entiating in vivo. A similar debate exists in the field of 
myoblast therapy for striated muscle diseases, as discussed 
later in this chapter. 


Bone marrow mononuclear cells 


Bone marrow mononuclear cells obtained by Ficoll-Paque 
density gradient separation of bone marrow aspirate con- 
stitute another source of smooth muscle cells for tissue 
engineering. The bone marrow mononuclear cell popula- 
tion contains several types of multipotent stem cells capa- 
ble of differentiating into smooth muscle cells, including 
hematopoietic stem cells and mesenchymal stem cells. 
Studies comparing bone marrow cells and bladder smooth 
muscle cells for bladder-tissue engineering in dogs showed 
similar contractile responses to calcium ionophore.’ Bone 
marrow cells differentiated into contractile cells expressing 
alpha-smooth muscle actin but not desmin or myosin. 

In the future, other cell sources might be investigated. 
The same stem-cell source might be suitable for obtaining 
both urothelial cells and smooth muscle cells. Adult multi- 
potent stem cells have been isolated from the skin” and 
from fat tissue.” Embryonic stem cells and amniotic stem 
cells constitute additional promising sources of cells for 
bladder-tissue engineering.” 


Vascularization and 
innervation of engineered 
bladder 


Vascularization and innervation of the implanted scaffold 
are critical to successful tissue engineering. Tissue thicker 
than 0.8 mm can survive only if ingrowing blood vessels 
supply sufficient oxygen and nutrients to all the cells in the 
tissue.” 
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Several methods for promoting neoangiogenesis have 
been investigated, including omental wrap,” incorporation 
of vascular growth factor into the scaffold,” seeding of 
endothelial progenitor cells, and prevascularization of the 
scaffold.* The development of new vascular beds from 
endothelial cells present within tissues is enhanced by sev- 
eral angiogenic factors, such as vascular endothelial growth 
factor, fibroblast growth factor, and platelet-derived 
growth factor. Local, controlled delivery of these factors via 
incorporation into the scaffold of plasmids carrying the 
relevant genes may enhance blood vessel formation in the 
engineered tissue.’ Injection of autologous endothelial 
progenitor cells constitutes another approach. The 
endothelial progenitor cells and mesenchymal stem cells 
found in bone marrow have proangiogenic properties that 
may hold promise for treating ischemic diseases.** In 
experimental and clinical studies, when these cells were 
transplanted into ischemic or infarcted foci of the 
myocardium, they were incorporated into sites of new ves- 
sel growth, and regional blood flow was improved. These 
cells might therefore enhance the development of an 
adequate vascular bed within engineered bladders. 

Schultheiss et al described an original technique for 
increasing the vascular supply of decellularized porcine SIS 
seeded with smooth muscle cells and urothelial cells.'° The 
arteriovenous pedicles were preserved during SIS prepara- 
tion then injected with endothelial progenitor cells. The 
pedicles were then clamped for 24 hours, and the reseeded 
matrix was cultured under specific conditions designed to 
promote vessel development and re-endothelialization. 
After 3 weeks of cultivation, the larger vessels, as well as the 
intramural scaffold capillary network, were repopulated 
with cell monolayers expressing endothelium-specific 
markers. When the scaffold was implanted into the 
SIS-donor animal, the arterial and venous pedicles were 
anastomosed to the corresponding iliac vessels. After 
implantation, vascular perfusion remained intact, with no 
thrombus formation. In contrast, implanted scaffolds that 
were not previously seeded with endothelial progenitor 
cells exhibited stagnant blood flow and thrombosis within 
30 minutes. This promising approach deserves further 
investigation. 


Clinical reports of bladder 
augmentation using tissue 
engineering 


In 2006, Atala and colleagues reported the first clinical trial 
of tissue-engineered bladders in 7 patients who had 
myelomeningocele with poorly compliant bladders and 
frequent urinary leakage as often as every 30 min despite 
maximal pharmacotherapy." For the scaffolds, collagen 


matrix derived from decellularized bladder submucosa was 
used in the first 4 patients, and a composite of collagen and 
PGA in the next 3 patients. The scaffolds were seeded with 
autologous smooth muscle and urothelial cells. A bladder 
biopsy of 1-2 cm? was obtained from the bladder dome 
through a small suprapubic incision. Smooth muscle cells 
and urothelial cells were cultured separately for 7 weeks. 
Then, the smooth muscle cells were seeded on the outer 
surface and the urothelial cells on the inner surface of the 
scaffold. The scaffold was covered with omentum in 
4 patients (including the 3 patients with composite scaf- 
folds). Compared to preoperative values, mean maximum 
bladder capacity decreased by 30% in the 3 patients treated 
with collagen scaffolds and no omental wrap. A 1.22-fold 
increase (from 438 ml to a mean of 535 ml) was noted in 
the patient treated with collagen and omental wrap, sug- 
gesting a major role of the omentum in the development of 
an adequate vascular bed in the neobladder. In the 3 
patients treated with the composite scaffold and omental 
wrap, mean maximum bladder capacity increased 1.58- 
fold and the maximum mean dry intervals during the day 
increased from 3.0 to 7.0 h. This pioneering study shows 
that tissue engineering can be used to generate bladders for 
patients who require cystoplasty. The beneficial effects of 
omental wrap emphasize the crucial role played by the vas- 
cular supply in the development of the seeded scaffold. 
Several questions remain open, such as the long-term fate 
of cultivated cells and the risk of premature senescence. In 
addition, recurrence of the urinary symptoms is theoreti- 
cally possible, since the underlying neurologic disease 
remains present. 


Cell therapy for urethral 
rhabdosphincter insufficiency 


Urinary incontinence due to intrinsic urethral sphincter 
insufficiency develops in many central or peripheral neu- 
rologic disorders affecting the nerves that supply the ure- 
thral rhabdosphincter. In patients with severe incontinence, 
the treatment of reference remains the implantation of an 
artificial urinary sphincter.** Alternatively, a compressive 
device can be implanted or a bulking agent injected. 
Biologic or synthetic bulking agents investigated over the 
last decades include collagen, Teflon, and adipocytes.**°” 
The main goal of bulking agent injection is to increase 
resistance to urine flow. Results have been disappointing, 
however, because of particle migration or rapid resorption, 
indicating a need for new treatment approaches. 

Cell therapy holds promise for restoring urethral tonic- 
ity and sphincter function in patients with urinary sphinc- 
ter insufficiency. Several types of precursor cells have been 
tested to improve the tone exerted by the smooth or stri- 
ated components of the urethral musculature. To augment 
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the smooth muscle component, stem cells from bone mar- 
row? or human lipoaspirate*® injected into the urethra 
have been investigated in rodents. Lipoaspirate stem cells 
differentiated into smooth muscle cells capable of tonic 
contractions in this model.” However, urethral injection of 
striated muscle precursor cells (MPCs) is the most exten- 
sively studied cell therapy approach to urinary inconti- 
nence.*?” In rodents, improved contractility of the 
urethral rhabdosphincter was noted after the injection of 
autologous MPCs expanded in culture.*”*! A clinical trial 
has been conducted using MPCs and fibroblasts suspended 
in collagen.“ Here, we provide an overview of MPC-based 
cell therapy for skeletal muscle diseases and we discuss the 
biological basis for MPC transfer into the urethra to treat 
urinary incontinence. 


Origin and function of 
skeletal muscle precursor 
cells 


The cells involved in regenerating adult skeletal muscle are 
believed to closely resemble the cells involved in myogene- 
sis. During embryogenesis, the somites give rise to succes- 
sive waves of myoblasts, which colonize the limbs within 
the first 18 days after conception. These myoblasts fuse 
into primary myotubes, which eventually mature into 
myofibers. A subset of myoblasts sequestered in a quiescent 
state between the basal lamina and the sarcolemma, known 
as satellite cells, ensures muscle repair in adulthood. 
Satellite cells constitute the main population of MPCs. In 
the event of muscle injury, the satellite cells proliferate and 
differentiate into secondary myoblasts, which fuse into new 
myotubes or repair the parental myofibers (Figure 60.2). 
Evidence is accumulating that bone marrow stem cells may 
be involved in renewing the adult satellite cell population, 
most notably in patients who have chronic muscle diseases 
characterized by recurrent degeneration-regeneration 
cycles.*? 

Importantly, resident satellite cells can fully reconstitute 
the myofiber mass lost after a muscle injury, although they 
initially contribute less than 1% of all myonuclei.“* The 
considerable myogenic potential of MPCs was emphasized 
by Collins et al,?1 who found that as few as seven satellite 
cells generated more than 100 new myofibers, each of 
which contained thousands of myonuclei. 

Importantly, all satellite cells are not at the same stage of 
commitment in the myogenic lineage.“ Therefore, the 
potential for producing myofibers may vary considerably. 
Most satellite cells express the early myogenic marker 
Myf5. A small subset of Myf5-negative satellite cells may 
serve as stem cells that renew the satellite cell compart- 
ment. This subset of so-called muscle stem cells was found 
in mice to express markers (sca-1) common to other 


stem-cell types, such as hematopoietic stem cells.*%*” 
Muscle stem cells have also been found in the connective 
tissue surrounding each myofiber, in association with cap- 
illaries, and it is believed that they may originate from the 
bone marrow.**” 

Interestingly, the urethral rhabdosphincter of rodents, 
which is believed to differ in its embryologic origin from 
other striated muscles,” also contains satellite cells that can 
execute a standard myogenic program after injury.’ Given 
that the muscle rhabdosphincter and skeletal muscle share 
the same regeneration process, satellite cells transferred 
from peripheral muscle into the rhabdosphincter may 
improve urethral rhabdosphincter insufficiency. 


Muscle precursor cell transfer 
for neuromuscular disorders 


Pioneering work done in the 1980s showed that MPCs 
transferred from normal muscle into genetically deficient 
muscle fused with the host myofibers, thereby supplying 
them with the missing gene.” These studies suggested that 
MPC injections might hold promise for treating many 
genetic muscular diseases, mainly Duchenne muscular 
dystrophy,” as well as heart disease.°* However, clinical 
trials involving injection of a myoblast suspension into 
genetically deficient muscle consistently produced disap- 
pointing results.” Many factors contributed to the failure 
of this approach, including immune reactivity against 
allogeneic myoblasts, poor survival of cells exposed to 
ischemia, and limited cell migration requiring multiple 
injection sites for each muscle.?%4753°>°* This approach 
has been nearly abandoned as a tool for treating genetic 
muscle diseases, the group of conditions for which it was 
initially designed. Researchers have shifted their focus to 
the use of autologous MPCs for treating localized muscle 
abnormalities. Intrinsic rhabdosphincter insufficiency is 
among the most promising candidates for treatment with 
MPC injection. 

The main challenge faced by autologous MPC transfer 
resides in the high sensitivity of these cells to ischemia, 
which may impair their survival after implantation. Several 
solutions to this problem have been investigated. 
Beauchamp et al showed that the majority of MPCs died 
after injection into muscle, despite in vitro evidence of 
vitality, and that the tiny minority that survived exhibited 
stem cell characteristics.” These findings were confirmed 
by several other groups, prompting researchers to investi- 
gate new preparation methods that select MPCs exhibiting 
the stem cell phenotype.***” However, no clinical studies of 
such selected MPCs are available. 

Other groups investigated the impact of the cell prepa- 
ration process on myoblast survival.*!° The few animal 
studies comparing injections of myoblasts with or without 
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Figure 60.2 

Description of satellite cells (main muscle precursor cells) and of the myogenic process using the single myofiber implant technique. 

(a and b) Longitudinal (a) and transverse (b) cross-section of a skeletal muscle biopsy showing organization of myofibers parallel to each 
other. (b) Nuclei stained with DAPI (blue). Nuclei of satellite cells (arows) are detected by immunostaining with anti-Pax7 (red). The 
extracellular matrix is immunostained with anti-laminine (green). Only one satellite cell can be observed on this cross-section. Resident 
satellite cells can fully reconstitute the myofiber mass lost after a muscle injury, although they initially contribute less than 1% of all 
myonuclei. (a and b) Bar = 100 um. (c-f) One myofiber has been isolated by gentle trituration of a muscle biopsy, placed in a Petri dish 
and immunostained with desmin (red) to detect satellite cells. All nuclei are counterstained with DAPI (blue). One satellite cell can be 
detected (arrow). (f) Superposition of (d) and (e). (g and h) Twenty-four hours after plating, satellite cells (desmin, red) detach and 
proliferate around the parental myofiber. (I) After 2 weeks in culture the satellite cells have fused to form new myofibers 
(immunostaining with anti-alpha-actinine 2, green). (i) Bar = 20 um. 
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prior culturing consistently showed deleterious effects of 
culture conditions. Enzymatic disaggregation of muscle 
biopsies was a major cause of MPC death following 
implantation. For instance, 150 MPCs obtained by gentle 
physical means was several thousand times more efficient 
in producing new myofibers than 10* MPCs dissociated by 
enzyme digestion.2! MPC exposure to culture conditions 
may also contribute to loss of myogenic potential.?° 
Montarras et al found that culturing prior to transplanta- 
tion markedly reduced the regenerative efficiency of MPCs, 
so that culture expansion seemed to constitute an ‘empty’ 
process yielding the same amount of muscle as the number 
of cells from which the culture was initiated.** Thus, there 
is evidence that the myogenic potential of injected MPCs 
can be impaired by the cell preparation process, most 
notably the enzyme digestion step, and by cell culture con- 
ditions. It remains to be determined whether injecting 
small numbers of cells without previous cultivation is 
more effective than injecting large numbers of MPCs 
previously expanded in vitro. 


Challenges faced by the use of 
muscle precursor cells to 
treat intrinsic urethral 
rhabdosphincter insufficiency 


The findings reviewed above prompted the investigation of 
several approaches to MPC-based treatment of urethral 
sphincter insufficiency: (1) use of selected MPCs having 
the stem cell phenotype, (2) injection of large numbers of 
MPCs with the goal of increasing the number of surviving 
cells, and (3) injection of MPCs without prior cultivation. 
Here, we review the data obtained by several groups, 
including ours, about the biology of MPC transfer into the 
urethra for the treatment of intrinsic rhabdosphincter 
insufficiency. In addition to MPC survival after implanta- 
tion into the sphincter, important issues include the ability 
of the urethra to innervate the MPC-derived myotubes and 
the ability of the MPCs to produce tonic activity. 


Role of MPC injection in neurogenic 
urinary incontinence 


Whether the host tissue can innervate MPC-derived 
myotubes is of special concern when seeking to treat 
intrinsic sphincter insufficiency, since this condition is 
often associated with chronic muscle denervation.” 
Several groups found that activated MPCs and the 
myofiber regeneration process promoted motoneuron 
sprouting.*!°§»? For instance, following experimental mus- 
cle denervation via afferent nerve transection, myofibers 


and the surrounding ECM released potent neurotrophic 
factors, such as neuroleukin, insulin-like growth factor, and 
neural cell adhesion molecules, which can stimulate the 
sprouting of nearby nerve endings, ultimately leading to 
myofiber reinnervation.” These cytokines and growth fac- 
tors represent the main mechanism for self-repair of the 
neuromuscular junction. Consequently, the injection of 
MPCs or myofibers with attached satellite cells may 
improve neurogenic intrinsic sphincter insufficiency by 
activating the sprouting of urethral nerves. We used a rat 
model of electrocautery-induced sphincter injury to show 
that the injection of autologous MPCs obtained by the 
myofiber explant technique led to the development of 
innervated and functional myotubes in the damaged area 
(i.e. on the side of the sphincter). Interestingly, we found 
that this injury irreversibly destroyed not only sphincter 
myofibers with their satellite cells, but also their nerve 
supply, resulting in the development of dense fibrosis. The 
regenerated myotubes were connected to newly formed 
nerve endings after one month, strongly suggesting that the 
myogenic process induced by MPC injection exerted neu- 
rotrophic effects resulting in the sprouting of residual 
nerves (Figure 60.3). A neurotrophic effect of MPC injec- 
tion was demonstrated subsequently by Cannon et al in a 
model of neurogenic sphincter insufficiency induced by 
sciatic nerve transection.’ 

We recently described a new method of MPC transfer 
into the urethra, in which myofibers and their attached 
satellite cells, without prior tissue processing, were 
implanted near the bladder neck at a distance from the 
rhabdosphincter.™ The satellite cells underwent activation 
and fusion, replacing the parent myofibers, which degener- 
ated rapidly after implantation. A large number of 
myotubes exerting tonic contraction developed (Figure 
60.4). Importantly, these myotubes had cholinergic recep- 
tors connected to nerve endings after one month, demon- 
strating connection with urethral nerves. Thus, it can be 
assumed that the myogenic process allows self-innervation 
of the new muscle in an ectopic position. 


Can MPC transplantation increase 
urethral muscle tone? 


Another important issue is whether myotubes derived 
from transplanted MPCs improve urethral muscle tone. In 
humans, the urethral rhabdosphincter is a unique muscle 
that participates in urinary continence by developing tonic 
contractions, thereby maintaining a resting urethral tone. 
Classically, this activity is mediated by type I myofibers, 
which are slow-twitch, tonic, aerobic fibers that can sustain 
long periods of contraction.*”*! Type II myofibers, in con- 
trast, are fast-twitch, chiefly anaerobic fibers that develop 
strong contractions but fatigue rapidly. Therefore, it 
was important to determine whether the phenotype of 
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Figure 60.3 


Injection of muscle precursor cells (MPCs) in an irreversibly damaged sphincter in the rat results in the formation of innervated 
myotubes. (a) Autologous MPCs expressing B-galactosidase differentiate into myotubes after one month and can be detected with the 
X-Gal solution (stained in blue). (b) Staining of the same section with bungarotoxin (green) shows the presence of acetylcholine receptors 
on the B-galactosidase-expressing myotubes. In this animal model, both myofibers and nerve endings were destroyed by electrocautery 
prior to autologous MPC grafting. (c) Immunostaining with anti-PGP9.5 (Texas Red, red) shows numerous nerve endings in the vicinity of 
the myotubes. (d) At a larger magnification, nerve endings reaching acetylcholine receptors can be observed. Initial magnification: x10 


(a—c) and x40 (d). 


myotubes derived from transplanted MPCs is consistent 
with sphincter-like muscle activity. 

The development of models in large animals was 
required to investigate this point, since the small sphincter 
of rodents precludes intraurethral pressure measurements 
and chiefly contains type II myofibers. An original 
porcine model developed by Zini et al® consists in record- 
ing urethral pressure before and after curare injection. The 
pig sphincter contains 52% of type I myofibers exhibiting 
tonic contractions. Curare specifically blocks the neuro- 
muscular junctions of striated muscle, its effect on smooth 
muscle being minimal. Therefore, the comparison of urethral 


pressure profiles before and after curare injection pro- 
vides an evaluation of the tonic contraction of functional, 
innervated, striated muscle. In this model, the myotubes 
developed after implantation of myofibers with their 
satellite cells exhibited tonic contractions under neural 
control. 

These preliminary results suggest that MPCs exhibit 
plasticity, which allows them to adapt to their new func- 
tion. Environmental factors, most notably interaction of 
MPCs with urethral nerves, may be critical to the terminal 
differentiation of the myotubes, as previously observed in 
cross-innervation studies of striated muscles.* 
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Figure 60.4 

Implantation of myofibers with satellite cells in the bladder neck 
of the pig. Immunostaining with anti-myosin heavy chain (green) 
at one month shows the presence of numerous myotubes 
resulting from activation in vivo of the satellite cells. Satellite 
cells rapidly fuse to replace the parental myofibers. Nuclei are 
conterstained with DAPI (blue). Initial magnification: x10. 


How many and what type of MPCs 
(stem cell like vs mature) are required 
to improve sphincter function? 


Most of the MPCs die shortly after implantation.” The 
current method of reference for delivering MPCs to dis- 
eased muscle involves isolating cells from a muscle biopsy 
by enzymatic digestion then expanding the cell population 
by cultivation. The low yield of this method has been 
demonstrated in the mdx mouse, the animal model for 
Duchenne muscular dystrophy: fewer than 3% of the 
injected cells survived and participated in myofiber forma- 
tion.” The small subset of surviving cells, which eventually 
generated new muscle tissue, exhibited several features of 
hematopoietic stem cells.” This fact suggested two meth- 
ods for increasing the number of surviving MPCs, namely, 
selection and amplification of so-called muscle stem cells, 
and increasing the number of injected MPCs under the 
assumption that the injected stem cell population would 
increase commensurately. 

Improved sphincter function has been reported after the 
injection of muscle-derived stem cells obtained by the pre- 
plating technique in a model of sciatic nerve transection.*? 
However, we found that muscle-derived stem cells 
obtained using another method (presence of the MDR 
receptor**) survived after injection but failed to form 
myotubes in an irreversibly injured sphincter characterized 
by complete myofiber destruction. When the stem cells 
were mixed with differentiated MPCs before injection, 
myotubes developed, whereas mature MPCs deprived of 


their stem-cell subpopulation failed to survive after injec- 
tion. Taken together, these results emphasize the fact that 
environmental cues and/or interactions between mature 
and stem-cell-like MPCs are crucial to myotube develop- 
ment in vivo. 

The effect of increasing the number of injected MPCs was 
evaluated in a porcine model under the working hypothesis 
that increasing the number of injected MPCs would increase 
the number of surviving MPCs.® Although the number of 
animals was too small (n = 5) to detect a plateau effect, 
which was previously reported with MPCs, a dose-depen- 
dent increase in urethral closure pressure was noted with the 
best results obtained with 7.8 x 107 cells (myoblasts). 

We recently suggested a new approach to improving 
MPC survival after injection, based on the hypothesis that 
the MPC preparation process may cause alterations 
responsible for cell death after injection.® We developed a 
method in which myofibers and satellite cells are isolated 
then immediately implanted into the urethra. The number 
of injected MPCs was several thousand times smaller than 
with previously reported techniques. Nevertheless, a large 
amount of myotubes developed. Thus, attention to cell 
quality rather than quantity may be in order. Interestingly, 
various methods of MPC transfer developed in other set- 
tings are now being investigating in the field of urology. 


Results of clinical trials 


Recently, Strasser et al reported the first randomized clinical 
trial of cell therapy for urinary incontinence.® Sixty-three 
women with urinary stress incontinence were randomly 
allocated to treatment with transurethral ultrasonography- 
guided injections of autologous MPCs into the urethral 
sphincter and of injection of fibroblasts in collagen into the 
submucosa to treat atrophy (n = 42) or to endoscopic colla- 
gen injections (n = 21). After 12 months, 38 of the 42 
women given cell therapy were completely continent, com- 
pared to only 2 of the 21 controls. Ultrasonographic mea- 
surements showed increased thickness and contractility of 
the sphincter in the cell-therapy group. 

Although these results are encouraging, long-term out- 
comes remain to be determined, and multicenter trials in 
large numbers of patients are needed. The exact role played 
by the injected MPCs is unclear, as there was no control 
group given fibroblasts in collagen without MPCs. Finally, it 
is to be hoped that this cell therapy method will be investi- 
gated in other disorders, such as neurogenic incontinence. 


Conclusion 


Several cell therapy approaches designed to improve urinary 
sphincter tone are being investigated. MPC transplantation 
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holds promise for the treatment of neurogenic urinary 
incontinence, as the cells release neurotrophic factors. 
However, the best method for transferring MPCs from 
peripheral muscle to the urinary sphincter remains to 
be determined. Preliminary studies in large animals and 
the first clinical results indicate that one or more of these 
emerging strategies will soon earn a place of prominence 
among tools used to treat urinary incontinence. 
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Restoration of complete bladder function 


by neurostimulation 


Michael Craggs 


Introduction 


During the past 30 years two key developments using 
implantable neuroprostheses have had a significant impact 
on treating and managing patients with a neurogenic blad- 
der. The first of these was the Brindley sacral anterior root 
stimulator,’ used principally for bladder emptying (see 
Chapter 53). The second was the sacral nerve stimulator 
originally developed by Tanagho and Schmidt for neuro- 
modulating a variety of bladder dysfunctions,” including 
the overactive bladder and urinary retention (see Chapter 
54). It is timely to consider how these two techniques, 
among others, may in the future be combined using 
emerging technologies to restore more complete control of 
the dysfunctional bladder in people with a suprasacral 
spinal cord injury (SCI). 

Suprasacral lesions to the spinal cord nearly always lead 
to serious disruption of lower urinary tract function: 
impairment of voluntary sphincter control and sensation 
of bladder fullness, aberrant reflexes of the bladder, and 
an uncoordinated urinary sphincter* (see Chapter 30). As 
a consequence, bladder emptying is impaired and the 
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result is reflex incontinence. Reflex incontinence is pri- 
marily caused by detrusor hyperreflexia, an aberrant 
reflex that emerges after a period of spinal shock follow- 
ing SCI (Figure 61.1). It is often associated with dyssyner- 
genic contractions of the striated sphincter muscle of the 
urethra, preventing efficient emptying of the bladder. 
Persons with SCI frequently develop large residual vol- 
umes and urinary tract infections, and are prone to upper 
urinary tract damage and subsequent renal failure if 
managed incorrectly. 

Medical treatment is usually by a combination of drugs 
for suppressing detrusor hyperreflexia and intermittent 
catheterization for emptying the bladder. However, the 
antimuscarinic drugs used to treat incontinence often have 
debilitating side-effects, such as constipation, dry mouth, 
and visual disturbance. 

Emptying the bladder can also be very troublesome, espe- 
cially in women for whom no reliable collection device exists 
(other than indwelling catheters and bags or ungainly pads), 
and intermittent catheterization can often introduce bladder 
infections. Other more radical approaches such as surgery 
for augmenting the bladder, sphincterotomies, cutting 


Figure 61.1 

The neurogenic bladder in suprasacral spinal 
cord injury. (a) Aberrant pelvic reflexes 
causing detrusor hyperreflexia and detrusor- 
external sphincter dyssynergia. (b) Traces 
showing the high bladder pressures 
generated, dyssynergia of the sphincter, 
associated electromyography (EMG), and 
urine leakage during videourodynamics. 

(c) X-ray image shows the bladder and 
sphincter at the exact time of dyssynergia. 
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Sacral anterior root stimulation (SARS) with sacral deafferentation for bladder control. (a) The Finetech—Brindley SARS implantable 
stimulator uses bilaterally placed intrathecal or extradural electrodes on the S2-S4 sacral roots to activate the preganglionic 
parasympathetic pathway to produce efficient bladder emptying. A rhizotomy of the corresponding posterior roots (sensory) prevents 
detrusor hyperreflexia, dyssynergia of the sphincter, and incontinence. (b) Anatomic configuration of the Finetech—Brindley implant. 
(c) Bursts of stimulation activate simultaneously the striated sphincter muscle and detrusor smooth muscle. During the intervals 
between the bursts the sphincter relaxes rapidly to leave a low urethral resistance whilst the detrusor is still contracting slowly to a 


higher pressure so as to enable very efficient voiding. 


posterior sacral roots to suppress hyperreflexia, or repeated 
injections of toxins such as botulinum toxin to paralyze the 
sphincter and bladder may all have destructive effects which 
could preclude the use of future developments, including 
more novel implantable neurostimulating devices. 

This chapter briefly reviews some future possibilities for 
combining existing and emerging science and technolo- 
gies*® to develop an implantable neuroprosthesis capable 
of restoring complete control to the bladder and sphincters 
in SCI. Seven areas of development will be addressed: 


e sacral anterior root stimulation for emptying the para- 
lyzed bladder 

e sacral nerve stimulation for suppressing detrusor 
hyperreflexia 

e conditional neuromodulation for automatic control of 
reflex incontinence 

e the extradural sacral posterior and anterior root stimu- 
lator implant (SPARSI) 

e selective stimulation of sacral roots to prevent detrusor- 
sphincter dyssynergia 

e differential motor and sensory stimulation of the sacral 
roots through a new sacral posterior and anterior 
intrathecal root stimulator (SPAIRS) implant 

e prospects for complete restoration of bladder control 
by neuroprosthesis. 


Sacral anterior root 
stimulation for emptying the 
paralyzed bladder 


In the 1970s, Brindley and his colleagues developed an 
implantable device to empty the bladder and control the 
sphincters.’ The prosthesis uses sacral anterior root stimu- 
lation (Finetech—Brindley SARS, Finetech Medical Limited, 
Welwyn Garden City, UK) to activate bladder motor path- 
ways and produce clinically effective voiding (Figure 61.2). 
For reflex incontinence and sphincter dyssynergia to be 
overcome in these patients, the sacral sensory nerve roots 
from S2 to S4 have to be cut (sacral deafferentation (poste- 
rior rhizotomy)).® 

The Finetech—Brindley device has been successfully used 
in many countries throughout the world.’ The implant, 
when combined with sacral deafferentation, has been 
shown to be very effective in increasing bladder volume, 
promoting complete emptying of the bladder, reducing 
bladder infections, and significantly improving the quality 
of life for many patients.'° Early in the Brindley program of 
sacral anterior root stimulator implants it was shown that 
the technique is very efficient for emptying the bladder 
(Figure 61.3),'' and over many years this has proven to be 
significantly better than reflex voiding. 
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However, the need for sacral deafferentation, with the 
consequent loss of reflex erections, reflex ejaculation, 
bowel problems, and potential pelvic floor weakness, can 
deter many very suitable young male patients from accept- 
ing SARS. Furthermore, the hope by some patients of a 
‘cure’ for SCI in the future using neural regeneration and 
repair techniques is a further obstacle to acceptance. 
Patients who have already suffered accidental damage to 
their spinal cord are understandably reluctant then to 
accept deliberate cutting of their sacral afferent nerve roots. 
Realistically, a cure for restoring autonomic functions con- 
troling bladder and bowel may take many years to perfect 
and, meanwhile, management has to try to give the patient 
the best quality of life. With good medical management of 
the neurogenic bladder in SCI, most patients can now 
expect a near normal life span and SARS can definitely help 
many patients, but clearly it would be much more accept- 
able if it did not involve further destruction of potentially 
useful reflexes. There may be an alternative solution to 
sacral deafferentation which involves stimulation of these 
same afferent pathways rather than cutting them to sup- 
press reflex incontinence. 


Sacral root stimulation for 
suppressing detrusor 
hyperreflexia 


During the 1980s Tanagho and Schmidt developed the use 
of electrical stimulation of sacral nerves to treat a variety of 
lower urinary tract problems, including those of the 
neurogenic bladder’? (see Chapter 54). Subsequently, a 
neuroprosthesis was developed (Interstim, Medtronic, Inc, 
Minneapolis, USA) which comprised an implanted pulse 


giving a very significant improvement (p <0.001). 


generator attached to a multipole electrode surgically 
inserted into the S3 sacral foramina for stimulating the 
mixed sacral nerves.'* Such stimulation, commonly known 
as neuromodulation, has also been successfully used to 
increase bladder capacity in patients with an SCI.'* 

Studies using noninvasive multipulse magnetic stimula- 
tion over the sacrum to stimulate the mixed extradural 
sacral roots (S2—4) have demonstrated that the increase in 
bladder capacity is brought about by suppression of detru- 
sor hyperreflexia in patients with SCI.'° The mechanism for 
this ‘neuromodulatory’ action has yet to be determined in 
man, but one theory, based on experimental work 
in animals,'® suggests that neuromodulation involves 
inhibitory action by pudendal afferent (sensory) nerve 
stimulation on pelvic nerve motor pathways to the bladder 
through spinal cord circuits.” Pudendal afferents course 
through S2—4 posterior (sensory) roots to the spinal cord. 
Evidence in support of the theory was obtained by electri- 
cally stimulating purely pudendal afferent pathways at the 
level of the dorsal penile’*!° (or dorsal clitoral) nerves in 
patients. Dorsal penile nerve (DPN) stimulation through 
surface electrodes in patients with SCI produces a profound 
and repeatable suppression of provoked detrusor hyper- 
reflexia when applied either continuously (pre- 
emptively) or conditionally (i.e. when bladder pressure just 
begins to increase)***! (Figure 61.4). Furthermore, in addi- 
tion to suppressing hyperreflexia, DPN stimulation can 
produce significant increases in bladder volume, as demon- 
strated in serial cystometrograms.” These effects depend 
essentially on stimulation, and diminish when stimulation 
is switched off. Interestingly, intermittent stimulation also 
appears to produce good results, although the ideal interval 
between bursts has yet to be determined, balancing the need 
to suppress every hyperreflexic contraction reliably against 
preserving the battery life of the stimulator.” 
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Controling detrusor hyperreflexia by noninvasive neuromodulation through pudendal afferent pathways. (a) By stimulating the dorsal 
penile (or clitoral) nerves with electrical pulses between 10 and 20 per second and above twice the threshold for the pudendo-anal 
reflex, it is possible to profoundly suppress detrusor hyperreflexia. (b) The upper trace shows the effect of continuous stimulation of the 
dorsal penile nerves on the bladder pressure rise associated with a detrusor hyperreflexia contraction provoked at the middle arrow. 
Control hyperreflexic contractions provoked at the other arrows can be seen before and after stimulation. The lower trace shows the 
effect of applying neuromodulation conditionally (that is only when detrusor hyperreflexia just appears) in response to provocation at 
the middle arrow. Again, this response is flanked by control provocations. (c) Repeated cystometrograms with continuous 
neuromodulation (shaded area), demonstrating significant increases in bladder volume when compared to control fills. Following 
stimulation the bladder takes some time to restore to its smaller capacity, probably as a result of stretching of the bladder wall during 


the period of neuromodulation. 


In a pilot study the same benefit has been shown using a 
Finetech—Brindley implantable device to stimulate extradural 
or intradural sacral roots but without deafferentation.” In 
a small group of patients with a suprasacral spinal injury, 
electrodes were placed bilaterally on either the mixed 
extradural sacral (S2—4) roots or separated anterior 
and posterior sacral roots (S3) intrathecally. Each patient 
was assessed preoperatively with DPN stimulation, as 
described above, to demonstrate the efficacy of neuromod- 
ulation. Preliminary results indicated that patients were 
able to achieve both good suppression of detrusor hyper- 
reflexia and clinically useful increases in bladder volume 
(Figure 61.5). 


Conditional neuromodulation 
for automatic control of 
reflex incontinence 


In the implant studies described above it was also demon- 
strated that conditional stimulation, applied only at the 
onset of hyperreflexic contractions, was at least as good as 
continuous stimulation at increasing bladder capacity and 
was sometimes better. Bladder contractions were sensed by 
measuring intravesical pressure with a standard catheter 
and the pudendal afferents stimulated either at the level of 
the penile dorsal nerve or sacral roots to inhibit bladder 
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Controling detrusor hyperreflexia and increasing bladder capacity by neuromodulation through sacral posterior root stimulation. (a) A 
Finetech—Brindley implanted stimulator (without deafferentation) is used to apply neuromodulation bilaterally through the $3—S4 sacral 
roots using a semipermanent coil fixed to the skin over the implanted receiver (inset photograph.) (b) Continuous stimulation at about 
15 pulses per second (240 us pulse width) with a current level set to suppress detrusor hyperreflexia significantly increased bladder 
capacity over control tests (EFV = end-fill volume). (c) The graph shows box and whisker results from a group of 11 patients with SCI 
tested using continuous neuromodulation through the dorsal penile nerves (DPN) compared with the effect of applying 
neuromodulation through the posterior roots in 4 patients (solid lines with symbols) from this same group with a SPARSI implant. It can 
be seen that bladder capacity is markedly increased with stimulation of the roots and compares favorably with the significant group 
result using DPN stimulation. DPN stimulation may be a good predictor for success with a sacral nerve stimulator. 


contractions (Figure 61.6).””?* Interestingly, a similar 
approach has recently been used to suppress neurogenic 
detrusor overactivity (detrusor hyperreflexia) in patients 
with multiple sclerosis.” 

A conditional system that detects the onset of unstable 
bladder contractions and then suppresses them has a 
number of theoretic advantages. Although continuous 
neuromodulation is an effective and simple way to 
increase bladder capacity in spinally injured patients, in 
many situations it may not be ideal, not least because of 
habituation effects. Furthermore, the need for constant 
current delivery could shorten both battery and elec- 
trode life in a completely implanted device, and continu- 
ous stimulation of the sacral afferents may have 
undesirable long-term reflex effects on the anal and 
urethral sphincters, perhaps exacerbating any residual 
dyssynergia. 


Hence, a device that could stimulate the sacral nerves for 
neuromodulation only when necessary might have consid- 
erable benefits and would have the added advantage that it 
could provide feedback about bladder fullness to the 
patient. That is, stimulating pulses associated with the con- 
ditional neuromodulation could also be applied to sensate 
parts of the body to warn of detrusor hyperreflexia at 
bladder capacity. 

What sort of reliable detection system for conditional 
neuromodulation could be incorporated into an implant? 
Brindley was the first to suggest that it might be possible to 
monitor bladder pressure by implant and use the informa- 
tion to control electrical stimulation of the pudendal nerves 
to inhibit unstable bladder contractions. Subsequently, an 
implanted applanation tonometer was developed which 
could be sutured onto the bladder wall to record pressure. 
However, tests to assess its long-term performance in 
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Using bladder pressure to automatically control detrusor hyperreflexia with conditional neuromodulation. (a) By measuring bladder 
pressure with a catheter it is possible to detect exactly when a detrusor hyperreflexic contraction begins and this can be used to activate 
stimulation of the sacral posterior roots to suppress the contraction automatically. The cystometrograms in this figure were obtained 
from a patient with an incomplete upper thoracic spinal lesion, but similar results have also been shown in patients with complete 
lesions. (b) The upper trace shows a cystometrogram without stimulation and a relatively low bladder capacity. The lower trace shows 
that when a pressure rise is detected, the applied stimulation immediately reduces the pressure, and by automatically repeating this 
suppression on successive detrusor hyperreflexic contractions a much larger bladder capacity can be achieved. A point is reached at this 
new maximum capacity when suppression is no longer possible. EFV = end-fill volume. 


experimental animals were not very successful, as the 
device eroded or became dislodged from the bladder.” 
Further obstacles, such as infection and encrustation, pre- 
clude the immediate development and implementation of 
such vesical devices. 

Recently it has been shown in experimental animals that 
it is possible to detect very small electroneurographic sig- 
nals at fractional microvolt levels, using sophisticated 
recording techniques, from the afferents in the mixed 
sacral nerve roots during hyperreflexia-like bladder con- 
tractions.”’ The recorded signals could then be used to trig- 
ger stimulation of the pudendal or sacral posterior nerves 
to inhibit conditionally in a feedback loop those same 
contractions (Figure 61.7). 

Some preliminary work in patients with SCI during 
implantation of sacral anterior root stimulators indicates 
that detecting bladder contractions from the sacral sensory 
nerves may also be possible.’ However, although an 
implanted conditional neuromodulation device may be 
feasible in people with a spinal cord injury, it is likely to be 
considerably more complex than present devices tried in 
animals and will have to be very reliable. Implantable 
microcircuits for detecting minute neural signals in 


humans which could be used to activate conditional neu- 
romodulation are now being developed for this purpose.*! 

Whether detrusor hyperreflexia is to be controlled by 
automatic conditional stimulation or simply by continuous 
neuromodulation, the interesting possibility now exists 
for combining the benefits of bladder emptying with con- 
trol of reflex incontinence in one implantable sacral root 
stimulator. 


The sacral posterior and 
anterior root stimulator 
implant 


This new concept was developed using a single implant 
(Finetech-Brindley) to combine bladder emptying 
through sacral anterior root stimulation with posterior 
sacral root stimulation to prevent reflex incontinence.” If 
successful, the major advantage of SPARSI would be 
restoration of bladder function without the need for sacral 
deafferentation. 
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In one study, 5 patients with a suprasacral spinal injury 
were implanted with a standard bilateral extradural 
Finetech-Brindley device (Figure 61.8), but without sacral 
deafferentation, to test the concept of SPARSI. These patients 
were part of the neuromodulation study described above.” 

A significant finding in this study, reported first in 
2001,” demonstrated that the benefits of neuromodulation 
by a SPARSI implant at home were comparable to the 
effects of oxybutynin in improving functional bladder 
capacity in the same patient (Figure 61.9). Furthermore, the 
improvement also compared favorably with the benefits of 
sacral deafferentation. Another interesting finding, which 
agrees with other studies of sacral neuromodulation for the 
overactive bladder (e.g. using the Medtronic sacral nerve 
stimulator), showed that the effects do not necessarily 
diminish appreciably with time, but that when stimulation 
is stopped symptoms such as incontinence return. With 
SPARSI, bladder capacity always returned to much smaller 
values in less than 24 h when stimulation was stopped. 

Unfortunately, in this small group of patients, bladder 
emptying was not always very efficient despite the genera- 
tion of adequate bladder pressures. The concept of SPARSI 
using extradural electrodes will only be successful when 
good bladder emptying (as in the original SARS with poste- 
rior rhizotomy) is also achieved. SARS uses post-stimulus 
voiding to empty the bladder efficiently so that, during the 
intervals between bursts of stimulation, urethral pressure is 
much lower than bladder pressure, allowing unimpeded 


Figure 61.7 

Sacral nerve activity as feedback control for 
conditional neuromodulation. (a) A miniature 
electrical signal (<0.5 uV) from the sacral nerves 
associated with a hyperreflexia-like contraction 
in an experimental animal. (b) Using special 
signal processing techniques it is possible to 
detect the changes and then activate stimulation 
of the sacral posterior roots for conditional 
neuromodulation. (c) The hyperreflexia-like 
contraction (dotted line) without 
neuromodulation is very effectively suppressed 
(solid line) when stimulation is applied. 


urine flow. In SPARSI, where both striated sphincter and 
bladder reflex pathways are intact, there can be residual 
increases in urethral pressure as the slow bladder pressure 
develops in the post-stimulation gap (Figure 61.10). This is 
reflex detrusor-sphincter dyssynergia, and leads to urinary 
outflow obstruction, making emptying much less reliable 
(compare with Figure 61.2). 

The SPARSI concept could achieve its original objective 
if the problems of bladder emptying could be overcome. A 
number of possible solutions to control detrusor-external 
sphincter dyssynergia are available — including pharma- 
cotherapy (e.g. botulinum toxin), stenting, and surgery 
(sphincterotomy) — but ideally we should find a neuro- 
physiologic solution which could be applied through the 
same stimulating implant. One possible approach which 
may be technically difficult to effect is selective stimulation 
to block sphincter activity during bladder emptying. 


Selective stimulation of 
sacral roots to prevent 
detrusor-sphincter 
dyssynergia 


Sacral anterior roots contain both the large somatic nerves 
to the urethral striated sphincter and the small preganglionic 
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The Finetech—Brindley bladder stimulator with 
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Figure 61.9 
Neuromodulation through SPARSI at 
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parasympathetic nerves to the bladder detrusor smooth 
muscle. Consequently, during anterior root stimulation, 
bladder emptying is impaired by coactivation of these two 
groups of nerve fibers (see Figure 61.2). This is the reason for 
adopting the post-stimulus voiding technique,** which takes 
advantage of the rapid relaxation of the sphincter and slow 
contraction of the detrusor to achieve good bladder empty- 
ing. This type of voiding is not particularly physiologic, but 
it is efficient. However, in the presence of intact sacral 
reflexes (i.e. no rhizotomy), the dyssynergia persists in the 


showing that over a 3-week period 
neuromodulation through the implant 
maintained good bladder capacity when 
compared to a short period during which 
stimulation was stopped. (b) Continuous 
stimulation was shown to be comparable 
to intermittent stimulation given on a 50 s 
‘on’ to 50 s ‘off’ cycle and both gave 
bladder volumes statistically greater than 
no stimulation during a control period. An 
interesting finding was the near 
equivalence of benefit with 
neuromodulation alone or oxybutynin (an 
anticholinergic drug to block detrusor 
hyperreflexic contractions) alone. 


gap between the bursts of stimulation to prevent efficient 
emptying as described above. For this problem to be over- 
come, tests have been done using a variety of techniques, 
including sphincter fatiguing methods and selective nerve 
blocking (‘anode block’) of sphincter motor pathways. 

The principle of selective electrical stimulation relies on 
blocking the large nerve fibers to the striated muscles by 
anodal hyperpolarization. This prevents the passage of action 
potentials down the large nerves to the sphincter whilst per- 
mitting the flow of action potentials along the small motor 
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Bladder contraction through SPARSI. (a) Stimulation of the mixed sacral roots through extradural electrodes or separated roots through 
intrathecal electrodes activates both efferent (motor) and afferent (sensory) pathways either directly or reflexly. (b) Good bladder 
pressures are generated by bursts of stimulation, but voiding is very inefficient in the gaps as a result of reflex contractions of the 
sphincter, elevating urethral pressure above the bladder pressure (compare with the traces shown in Figure 61.2). 


nerves to the bladder muscle (Figure 61.11). To prevent 
‘anode-break’ excitation when the individual stimulating 
pulses in the train switch off, they must be switched off slowly. 

This method of stimulation was originally shown by 
Brindley and Craggs to be effective in experimental ani- 
mals using a specially designed chronically implanted 
tripolar electrode and triangular-shaped electrical pulses to 
stimulate the sacral anterior roots selectively.” The range 
of stimulating currents where sphincter motor potentials 
were blocked while bladder pressure increased was rela- 
tively small but effective. However, Brindley and Craggs did 
not demonstrate bladder emptying in their experiments. 

Interestingly, a similar type of tripolar electrode is 
used in the standard intrathecal Finetech—Brindley SARS 
implant, so theoretically it should be possible to investigate 
the possibility of using this technique for actual bladder 
emptying in patients. However, to prevent reflex effects on 
all of the motor fibers to the sphincter it may be necessary 
to apply anode blockade to all of the sacral anterior roots 
simultaneously. 

It has been shown that during implantation of a 
Finetech—Brindley SARS it is possible to demonstrate intra- 
operatively that an anode-blocking technique with long rec- 
tangular pulses can be used to achieve selective stimulation 
in anesthetized patients,** but again efficient bladder empty- 
ing was not demonstrated. It has been claimed that physio- 
logic micturition (i.e. natural voiding where the sphincter 


relaxes during contraction of the bladder to produce a good 
stream of urine and complete bladder emptying) is possible 
using a modified Finetech—Brindley intrathecal electrode to 
activate the bladder in the dog.” Unfortunately, this study 
did not present data to substantiate the claim but did 
demonstrate a significant lowering of sphincter pressure 
simultaneous with good bladder pressures during sacral 
stimulation with quasitrapezoidal pulses.** 

So, it remains to be seen whether such selective stimula- 
tion techniques can produce efficient voiding; the evidence 
from animal studies is promising,” but awaits a successful 
resolution in patients in whom we may wish to preserve all 
sacral reflexes. If resolved, although technically difficult, 
the concept of an extradural SPARSI described above may 
become a realistic possibility. 


Sacral anterior and posterior 
intrathecal root stimulation 
implants 


Following the important contribution of Sauerwein in the 
1980s advocating deafferentation of the S2—-S5 sacral roots 
to prevent detrusor hyperreflexia,® Brindley confirmed that 
this procedure also improved bladder emptying,'® and so 
implantation of a Finetech—Brindley device for bladder 
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Selective blockade of the motor nerves to the sphincter. 

(a) Applying triangular or quasitrapezoidal electrical pulses to 
groups of different diameter nerve fibers in the sacral roots it is 
possible to find a range of stimulating currents that block the 
large motor nerves to the striated sphincter at the anode 
electrode (anode block), while still permitting conduction down 
the small motor nerves to the bladder detrusor muscle. 

(b) Selective anode blockade of the sphincter successfully applied 
while a good bladder contraction is elicited during stimulation 
with a train of triangular pulses at 30 pulses per second. 


emptying without a rhizotomy in patients with severe 
detrusor-external sphincter dyssynergia has not normally 
been advised. Interestingly, Brindley’s earlier patients“ did 
not often have a rhizotomy but most achieved good empty- 
ing; of course the devices were intrathecal and there was 
always the possibility of iatrogenic posterior root damage, 
which might anyway abolish detrusor hyperreflexia in some 
cases. However, in more than two-thirds of these patients, 
sacral reflexes, including detrusor hyperreflexia, were pre- 
served and yet the patients could empty their bladders very 
efficiently with their SARS implant (see Figure 61.3). 

So we know that in many patients, where the posterior 
roots are separated from their anterior partners but not 
included with them on the stimulating electrodes, then 
efficient voiding can be achieved without reflex dyssyner- 
gia. With this knowledge a newer approach to achieving 
the concept of SPARSI was undertaken, but using an 


intrathecal implant with separated anterior and posterior 
roots at the level of S3, each placed on their own elec- 
trodes.*! This implant has been named the sacral posterior 
and anterior intrathecal root stimulator (SPAIRS) and 
achieved voiding efficiencies of over 95%, much like the 
earlier Brindley implants without rhizotomies (Figure 
61.12). Furthermore, with careful surgery to separate out 
the S3 posterior roots and place on their own electrodes it 
has enabled separate stimulation for the purpose of neuro- 
modulation and so we may have the possibility of a viable 
implant to both control neurogenic detrusor overactivity 
and empty the bladder efficiently. 


Prospects for complete 
restoration of bladder control 
by neuroprosthesis 


In this chapter we have considered some old, new, and 
emerging developments and technologies using sacral root 
stimulation which together may, in the future, provide full 
restoration of bladder control to the neurogenic bladder 
(Figure 61.13). 

In recent times our understanding of the neurophysiol- 
ogy of the lower urinary tract has advanced in ways that 
may lead to even more sophisticated ways of controling the 
neurogenic bladder, bowel, and sexual dysfunction. Of these 
emerging techniques currently being developed in experi- 
mental animal models is the exciting possibility of actually 
stimulating and recording from the nuclei of origin of the 
sacral motor pathways in the spinal cord. Intraspinal micro- 
simulation, as it has become known, involves inserting fine 
wire electrodes into the tracts in these structures.7-* 
Interestingly, as with sacral root stimulation, the problem of 
controling the dyssynergia of the urethral sphincter pre- 
sents as the most difficult problem to be overcome in these 
experimental studies. Neurophysiologic studies have shown 
that spinal interneurons are very much involved in the seg- 
mental coordination of the bladder and sphincters and 
therefore it may become possible to activate these interneu- 
ronal pathways by stimulation to obtain the synergic con- 
trol necessary to empty the bladder efficiently.** It seems 
that considerable technical advances will be needed to apply 
microstimulation, not least the problem of keeping fine 
microelectrodes in close contact with the appropriate 
neural substrates, while at the same time preventing tether- 
ing of the spinal cord, which in itself could cause significant 
damage. 

Whichever future development provides the best and 
safest solution for controlled neurostimulation it still 
remains that, for a significant number of patients with 
lower motor neuron problems, such as corda equina 
lesions, the possibility for restoration of pelvic function 
is problematic. For this important group of patients, 
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The sacral posterior and anterior intra-thecal root stimulator (SPAIRS) implant. (a) Posterior and anterior $3 sacral roots divided and 
placed on separate intra-thecal electrodes for neuromodulation of neurogenic detrusor overactivity and bladder empting respectively. 
(b) The standard Finetech—Brindley 4-slot intra-thecal electrode array at surgery superimposed over the exposed corda equine following 
a laminectomy involving the 4th, 5th, lumbar vertebrae and part sacrum. (c) A typical emptying of the bladder during bilateral $3 
anterior root stimulation with the SPAIRS implant. (Compare with the obstructed voiding seen in Figure 61.10 using extradural $3 mixed 


nerve roots.) The voiding efficiency is regularly greater than 95%. 


coordination of the bladder and sphincter is less important 
than impaired contraction, but problems of incontinence 
and the inability to void remain impediments to good 
management and quality of life. Perhaps the new surgical 
techniques for neural repair and regeneration of the motor 
pathways may offer some prospect for helping these 
patients.“ There may even be a place to assist or combine 
neuronal repair with neurostimulation,*® but whichever 
method yields opportunities, careful assessments and eval- 
uations of the pathways controling the bladder and sphinc- 
ters will be important in this regard.“ 


Although recovery of central afferent pathways is less 
likely in these repairs, any sacral reflexes that are restored 
may be more aberrant than in suprasacral injuries and 
therefore present with new and more difficult challenges to 
be overcome. Interestingly, some very recent experimental 
research in animals has been re-examining the role of the 
pudendal pathways and the opportunities for developing 
more peripheral nerve stimulating devices which can pro- 
mote reflex voiding of the neurogenic bladder and mini- 
mize sphincter dyssynergia.*'? As with many good ideas 
these developments are based on physiology of the lower 
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urinary tract that has been known for over 70 years and 
certainly since the time of Barrington.” Irrespective of the 
pathways or reflexes we fix or tap into there is no doubt 
that the most important need is for a system that can elim- 
inate urinary incontinence, give socially good bladder 
capacity, and empty the urinary bladder efficiently. 

Finally, some of the ideas presented here might be lim- 
ited by current technology, but this is very likely to become 
realizable in the near future. Such technologic advances 
might include more appropriately designed and stable 
electrode—nerve interfaces (especially important if the elec- 
trodes are to be implanted inside the spinal cord or brain), 
new implantable integrated electronics capable of process- 
ing tiny signals and delivering patterned stimuli, and 
improved systems for transferring or using power effi- 
ciently in implants. A new range of intelligent sensor tech- 
nology for detecting physiologic changes in the body is 
likely to emerge. The future may also see the increased use 
of telemetries for computerized control of implants, 
including the transfer of data to and from these devices to 
improve function. 


Summary 


Ultimately, it is hoped that by combining conditional neu- 
romodulation for reflex incontinence with selective neu- 
rostimulation for bladder emptying we can completely 
control the neurogenic bladder without cutting any sacral 
sensory nerves. The big challenge will probably be to over- 
come the detrusor-sphincter dyssynergia resulting from 
the emergence of aberrant reflexes following spinal injury. 
By preserving all pelvic reflexes, including those for erec- 
tion, ejaculation, and bowel control, as well as those essen- 
tial to guard against stress incontinence, we will help to 
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Figure 61.13 
Possible techniques to overcome problems of the 
neurogenic bladder in SCI. 


reassure people with a spinal cord injury that this technol- 
ogy will improve their quality of life until the time comes 
when neural repair becomes a realistic possibility for 
them. 
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Neuroprotection and repair after spinal 


cord injury 


Steven Casha 


Introduction 


The pathophysiology of spinal cord injury (SCI) has gen- 
erated significant research interest and many attempts to 
limit injury (neuroprotection), improve regeneration, or to 
augment the function of surviving tissue (neuroaugmenta- 
tion) have met with success in animal models. Several neu- 
roprotective agents and one neuroaugmenting compound 
have progressed to clinical trials. Unfortunately, none have 
provided convincing efficacy and no standards of care have 
emerged. The American Association of Neurological 
Surgeons and Congress of Neurological Surgeons Joint 
Section on Disorders of the Spine and Peripheral Nerves’ 
2002 Guidelines for the Management of Acute Cervical Spine 
and Spinal Cord Injury! specifically recognized methyl- 
prednisolone and GM-1 ganglioside as options for treat- 
ment in the acute spinal cord injured patient. However, 
these were qualified ‘without demonstrated clinical benefit’ 
in the case of GM-1 ganglioside and with ‘evidence sug- 
gesting harmful side effects is more consistent than any 
suggestion of clinical benefit’ in the case of methylpred- 
nisolone. Tirilazad and naloxone had been studied, but 
without any evidence of efficacy to warrant inclusion in the 
guidelines. 

Several possible reasons exist for the failure to translate 
promising animal strategies to human therapies. These 
include a lack of pharmacologic agents to address thera- 
peutic mechanisms that have been successful in animals 
using other means (e.g. the use of RNA knockdown tech- 
niques); heterogeneity and increased variability in human 
SCI compared to standardized models, which makes detect- 
ing an effect more difficult, particularly when any one com- 
pound is unlikely to have a large effect given the spectrum 
of targetable mechanisms; animal models which do not 
duplicate human pathophysiology and which thus may 
emphasize mechanisms less prominent in humans, e.g. the 
lack of spinal cavitation in commonly used mouse models; 
insensitivity of human outcome measures in some patients 
diluting any detectable effect, e.g. improvement in a few 


thoracic segments will not be reflected in lower extremity 
motor changes; and an inability to identify and achieve the 
appropriate therapeutic window which almost certainly dif- 
fers between humans and animal models and for which 
there is generally a lack of means to correlate between 
species. 

This chapter will attempt to summarize a wealth of ani- 
mal literature aiming to identify the prominent mecha- 
nisms and approaches identified in these preclinical studies 
and will review the human randomized control trials in 
SCI to date. 


Epidemiology of spinal cord 
injury 


The annual incidence of SCI is estimated to be between 
11.5 and 53.4 per million population,*” and prevalence is 
estimated at around 700 spinal cord injured persons per 
million in the United States.'! These injures are character- 
ized by high mortality and morbidity. In those surviving to 
arrive at an acute care institution, mortality rates range 
between 4.4 and 16.7%.*”"° These survivors typically expe- 
rience prolonged hospitalization in acute care hospitals 
and rehabilitation centers.'®'* Furthermore, the financial 
burden of managing these injuries both to the individual 
and to society is enormous. The estimated cost to the 
United States for care of all spinal cord injured patients in 
1990 was 4 billion dollars.'° 

Patients are typically young (mean and median ages 
ranging in the late 20s and early 30s) and male (80-85%)."° 
Approximately 45% of patients experience a complete 
neurologic injury with no detectable neurologic function 
below the level of the lesion; 55% of patients are injured 
between Cl and C7-T1.'° The mechanism of injury 
involves a traffic accident in about 50% of cases, with 
recreational injuries, falls, work injuries, and violence 
being other common causes.’° 
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Figure 62.1 
The pathophysiology of spinal cord injury 


Hospital admissions of a week or longer are necessary in 
approximately 10% of patients with SCI every year due to 
complications including pressure sores, autonomic dysre- 
flexia, pneumonia, atelectasis, deep venous thrombosis, 
and renal calculi.'*'® Spasticity and pain also add signifi- 
cantly to neurologic disability in 25%.'* Long-term 
reduced life expectancy is largely accounted for by pneu- 
monia, pulmonary emboli, and septicemia. 


Pathophysiology of spinal 
cord injury 


The pathophysiology of SCI is commonly described in two 
phases: the primary and secondary injury (Figure 62.1). 
The primary injury refers to the mechanical perturbation 
of the spinal cord. This involves any combination of com- 
pression, sheer, stretch, and penetration mechanisms lead- 
ing to varying degrees of contusion, laceration, and 
concussion. Most commonly this involves an injury of the 
vertebral column and results from some combination of 
fracture and dislocation. The secondary injury refers to a 
complex array of biochemical events which further the cell 
damage and cell death caused by the primary insult. 
Additionally, systemic factors promoting these secondary 
mechanisms, including hypotension and hypoxia, are often 
referred to as systemic secondary injury mechanisms. 


to limit secondary injury mechanisms 


Modulation of neronal survival, growth 
and plasticity 

Modulation of inhibitory/restrictive 
elements of the non-nuronal environment 

Neuroaugmentation therapies to improve 
the limited function of surviving elements 


Secondary injury mechanisms 
and neuroprotection 


A major focus of research efforts intended to improve neu- 
rologic outcome after SCI involves secondary injury mech- 
anisms. Amelioration of secondary injury is intended to 
decrease the damage caused by this phase of injury, thus 
preserving neural elements of the spinal cord and thus pre- 
serving neurologic function. Animal research has suc- 
ceeded in elucidating a complex array of secondary injury 
mechanisms and has provided repeated evidence that inhi- 
bition of these processes results in improved neurologic 
outcome in animals. 1-34 Prominent mechanisms that have 
been investigated are discussed below. 


Ischemia 


A rapid decrease in local blood flow occurs after SCI and is 
sustained for about 24 hours in animals.” Gray matter is 
more vulnerable to this insult, perhaps in part due to its 
increased metabolic vulnerability, as evidenced by its nor- 
mal increased blood flow compared to white matter, and 
also in part due to vascular changes which are more 
pronounced centrally.**-*? Several factors contribute to 
vascular alterations after SCI, including vasospasm due to 
mechanical vascular injury, endothelial injury, and vasoac- 
tive amines; thrombosis; edema due to increased vascular 
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permeability and cytotoxic mechanisms; impaired vascular 
autoregulation; impaired venous drainage; and systemic 
hypotension. 

While this secondary injury mechanism has not, and 
likely never will be the subject of high-quality randomized 
control studies, several studies have reported experience 
with blood pressure augmentation with the aim of aug- 
menting spinal cord perfusion after injury. Vale et al treated 
77 SCI patients with volume expansion and vasopressor 
therapy.** The neurologic outcome seen in these patients 
was notably improved over that expected from previously 
published outcome studies. Zach et al aggressively treated 
SCI with volume expansion for blood pressure mainte- 
nance. They observed a correlation between earlier 
admission time and neurologic outcome, and concluded 
that early institution of medical management including 
blood pressure maintenance improves outcome after SCI. 
Tator et al compared aggressive hemodynamic and respira- 
tory management in an intensive care setting to historical 
controls.*° They observed reduced morbidity, mortality, 
and length of stay in those patients treated in the dedicated 
ICU. Similarly, Wolf et al observed improved outcome in a 
group of patients with SCI secondary to bilateral facet dis- 
location treated with an intensive protocol including main- 
tenance of mean arterial pressure greater than 85 mmHg.*” 

In animal models of SCI the effects of hypertension and 
hypotension have not been consistent. Hukuda et al used 
hypertension and hypercarbia in an attempt to improve 
spinal perfusion after SCI.** They found a nonsignificant 
improvement in neurologic outcome with this approach. 
Dolan and Tator applied hypertension after a severe SCI in 
rat and showed no improvement in outcome.” This study, 
however, used an injury severity well beyond that usually 
studied in their model, which may have decreased sensitiv- 
ity. Using a similar model with mild or moderate injury, 
Guha et al found that hypertension does not improve out- 
come and may actually exacerbate edema and hemor- 
rhage.*°>! Haghighi et al reported nimodepine to worsen 
outcome in experimental SCI, which he attributed to 
induced hypotension.” 


Free radical mediated injury 


Following neural trauma, several conditions promote for- 
mation of free radicals. Increased cytosolic calcium induces 
several free radical producing pathways, including xanthane 
oxidase, nitrous oxide synthetase, and the phospholipase 
A2-cyclooxygenase pathway.” Free radicals (superoxide) 
are also produced through the Fe**-dependent Fenton 
and Haber—Weiss reactions.” Alterations in the inner 
mitochondrial membrane proteins (removal, release, or 
inactivation) may reduce the efficiency of the electron 
transport chain leading to increased production of super- 
oxide radical.**** Activated inflammatory cells yield reactive 
oxygen species.” The resultant increased production of free 


radicals overwhelms the cell’s free radical scavenging sys- 
tems (e.g. superoxide dysmutases — catalases, glutathione, 
ascorbic acid) leading to oxidation of lipids, proteins, and 
nucleic acids. This in turn may lead to cell death.” 

Several animal studies provide good evidence for the 
involvement of free radicals and peroxidation reactions in 
the pathophysiology of SCI. Studies have demonstrated 
increases in specific free radicals; evidence of increased 
macromolecular oxidation afterwards;°”"* and evidence 
that free radical scavenging compounds, decreased free 
radical production, and increased free radical scavenging 
are neuroprotective.°”*°” 


lonic mechanisms 


Disruptions of homeostasis of two cations, Nat and Ca**, 
appear pivotal in the pathophysiology of SCI. 

A variety of Na* channels contribute to the maintenance 
of the neuronal electrochemical gradient under normal 
physiologic conditions and perturbations in this gradient 
which are responsible for signaling and the action potential. 
Following SCI several factors, most prominently ischemia, 
lead to energy depletion and decreased intracellualar ATP. 
This leads to a breakdown of the normal membrane elec- 
trochemical gradients and membrane depolarization. This 
then triggers the opening of voltagegated Na* channels, 
further exacerbating the dissipation of that gradient. 
Increased intracellular Na* has several consequences, 
including cell swelling and cytotoxic edema, activation of 
phospholipases, intracellular acidification via the Na*/H* 
exchanger, increased intracellular Ca** via reversal of a 
Na‘/Ca** exchanger, and reverse operation of Na*-depen- 
dent glutamate transporters exacerbating rises in extracel- 
lular glutamate and excitotoxicity. A variety of Na* channel 
blockers have been found neuroprotective in a variety of 
models. In vitro ion exchange studies have also provided 
neuroprotective evidence. 

Many intracellular processes are calcium-dependent 
and, under normal physiologic conditions, intracellular 
calcium is tightly regulated, allowing it frequent use in cell 
signaling. Dramatic rises in intracellular Ca** occur after 
SCI and may trigger a variety of intracellular pathways 
including proteases, nucleases, NO synthases, and phos- 
pholipases, leading to a complex cascade to cell death. 
Evidence of the importance of Ca** in SCI comes from 
studies demonstrating rises in intracellular Ca** and stud- 
ies inhibiting Ca**-dependent proteases. Ca** channel 
antagonists themselves, after SCI, have not provided clear 
evidence of neuroprotection.*~”7 


Excitotoxicity 


It has been well established that glutamate, the predomi- 
nant excitatory amino acid in the CNS, achieves elevated 
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extracellular concentrations following SCI.” Furthermore, 
it is known that the concentrations achieved are toxic to 
neurons and oligodendrocytes and it is believed that the ele- 
vations in extracellular glutamate contribute to post-trau- 
matic cell death, a process termed excitotoxicity.” This is 
mediated through both ionotropic and metabotropic gluta- 
mate receptors which are present on both neurons and 
glia.’””-”? In animal models, agents that block glutamate 
receptors improve functional outcomes and reduce dam- 
age to traumatized spinal cord tissue.**? Several obstacles 
exist in translating these findings to human trials; given the 
ubiquity of glutamate in the CNS it is not surprising that 
application of these inhibitory agents results in significant 
undesirable side-effects which limit their application in 
humans.***¢ Secondly, the rise in extracellular glutamate 
occurs rapidly after SCI and application of inhibitors in the 
hospital setting may be too late to have significant benefit. 
In fact, one randomized trial has been successfully com- 
pleted (discussed below). 


Opiate-mediated injury 


Following SCI some endogenous opioids accumulate at the 
injury site.*” Exogenously administered opioids exacerbate 
the pathology of SCI, while inhibition is neuroprotec- 
tive.8°°? The mechanism of action of opioid-mediated 
injury is complex and involves both opioid receptor depen- 
dent and independent mechanisms.***? These effects 
include diminished blood flow, release of excitotoxic 
amino acids, phospholipid hydrolysis, and modulation of 
intracellular Mg**.?®** Naloxone, an opioid antagonist, and 
thyrotropin-releasing hormone (TRH) have shown neuro- 
protective effects in animal models of SCI,?”?*! and have 
been investigated in humans as well (see below). 


Inflammation 


The pathophysiology of SCI includes a prominent inflam- 
matory component. This process is similar to that seen in 
other tissues following injury (for review see reference 101). 
Key events include microglial activation, plasma protein 
extravasation and edema, and the sequential recruitment of 
neutrophils, monocytes, and lymphocytes.'*! The process is 
initiated by the local tissue and vascular disruption,**'™ and 
includes a complex interplay between the local spinal cellu- 
lar compliment, components of the clotting system, and the 
blood-borne inflammatory system.'®! This complex inter- 
play is evident in the effect of some inflammatory cytokines 
on local cells. For example interkleukin 1-ß (Il-1) stimulates 
proliferation and hypertrophy of astrocytes and is almost 
certainly involved in the development of the glial scar;'” Il- 
1 and TNFo increase endothelial adhesion molecule and 
chemotactic factor expression, facilitating further leukocyte 
recruitment.!*! Immune cells also release factors capable 


of killing neurons and glia (e.g. myeloperoxidase, elastase, 
proteases, reactive oxygen intermediates, NO, quinolinic 
acid, cytokines), directly acting to further the injury.!0'! 
While many studies in animals have attempted to decrease 
the immune response and have shown this to be neuropro- 
tective,'”' it has become increasingly evident that different 
components of inflammation may also have beneficial 
effects at varying times following injury. For example, neu- 
ronal degeneration is enhanced following brain injury and 
SCI in TNF receptor (TNFR)-deficient mice, presumably 
due to the absence of signaling from microglial-derived 
TNF. !°810 These mice also demonstrate impaired func- 
tional recovery after SCI.!!° The challenge remains to define 
more specific therapies to target the detrimental effects of 
inflammation at the appropriate time following injury 
while not effecting or perhaps even enhancing those 
processes which appear beneficial. 


Apoptosis 


Apoptosis has relatively recently been recognized among sec- 
ondary injury mechanisms. In those studies that demon- 
strated apoptosis in the spinal cord after SCI,'''!!” early 
apoptosis, which included neurons, was followed by a delayed 
wave of predominantly oligodendroglial programmed cell 
death in degenerating white matter tracts.!!>116117.119.120 These 
observations point to a longer therapeutic window for anti- 
apoptiotic strategies in SCI than that of therapies aimed at 
other secondary mechanisms.'!! Apoptosis in white matter 
after dorsal cordotomy or after transection suggests that glial 
apoptosis occurs, at least in part, as a consequence of axonal 
degeneration.'*!"'”* Likely, the loss of trophic support derived 
by the oligodendrocyte from the axon results in activation of 
programmed cell death.!™! However, the presence of acti- 
vated microglia in contact with apoptotic oligodendrocytes 
after SCI suggests that this interaction may also activate cell 
death programs in the oligodendrocyte.'”° Secondary axonal 
degeneration may then follow, as is seen in models of multiple 
sclerosis” and in myelin associated glycoprotein deficiency." 
Apoptotic cell death has also been implicated in the patho- 
physiology of human SCI by an autopsy study which demon- 
strated in-situ terminal-deoxytransferase mediated dUTP 
nick-end labelling (TUNEL) and caspase 3 immunohisto- 
chemistry.!!? 

Inhibition of FAS-mediated apoptosis using FAS-defi- 
cient mice resulted in decreased post-traumatic apoptosis 
in the spinal cord as well as histologic and behavioral evi- 
dence of neuroprotection.” Similarly, antibody neutral- 
ization of FASL resulted in decreased apoptosis and 
improved locomotor function after SCI.'7° 

Characterization of apoptosis has gradually revealed an 
enormous complex array of interrelated programmed cell 
death cascades. It is unlikely that a single pathway leading 
to apoptosis predominates in any pathologic process 
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including SCI. Mechanisms deserving exploration include 
both pro-apoptotic processes, which should be inhibited, 
and anti-apoptotic process, which perhaps may be 
enhanced. It is also important to recognize that cell death 
may have a useful role in restricting certain processes, par- 
ticularly early inflammation, thus limiting the application 
of strategies which broadly inhibit cell death. More 
focused, cell-specific inhibition may be more effective. 


Neural regeneration after 
spinal cord injury 


It has long been recognized that a fundamental difference 
exists between the relatively robust regenerative capacity of 
the peripheral nervous system and the growth-limiting 
environment of the central nervous system (CNS). This 
has led to attempts to identify and to overcome the obsta- 
cles inherent in the CNS in the hopes of re-establishing lost 
tissue and connections so as to restore neurologic function. 
These approaches have focused on identifying the proper- 
ties of CNS neurons that limit their potential for extending 
axons centrally, as well as attempts to identify cellular and 
extracellular factors in the supporting glial environment 
that inhibit axonal regeneration. The prominent 
approaches are listed and discussed below. 


Neurotrophic factors 


Neurotrophic factors are proteins that are known to mod- 
ulate neuronal survival, growth, and plasticity behaviors." 
Some of these, when added exogenously, can promote 
desirable neural phenotypes after SCI. For example, brain- 
derived neurotrophic factor (BDNF) maintains neurons in 
the red nucleus, which would otherwise undergo atrophy 
and death, and promotes axonal regeneration.'?'"'*” This 
response is dependent on the expression of the trkB recep- 
tor, which is lost in axons after several weeks but main- 
tained at the neuronal soma chronically.'*? Several growth 
factors have shown such promising effects, however it has 
been recognized that these molecles may have deleterious 
effects as well.!°* For example, homodimeric p75 receptor 
(i.e. absence of trk receptors) results in NGF toxicity and 
BDNF can induce NOS-mediated cell death." 

cAMP is a key second messenger for some growth fac- 
tor/receptor interactions, most notably BDNE” It has the 
potential itself for increasing the growth potential and 
axonal regenerative capacity of neurons.'**!” It has been 
applied in combination with other strategies, which pro- 
vide a more permissive extracellular environment for 
axonal extension, as well as alone.'**'* These studies 
confirm that cAMP improves axonal extension even in the 
unusually suppressive CNS environment. cAMP may act 


through inactivation of Rho (ras homology protein) which 
results in disinhibition of Rho-mediated axonal growth 
arrest. 134141 


The glial scar 


The pathophysiology of SCI eventually leads to a glial scar 
which is viewed by most as a barrier to regeneration and 
recovery. Its cellular component is composed predomi- 
nantly of reactive astrocytes with the surrounding matrix 
rich in proteoglycans.’ This structure is thought to pro- 
vide a physical barrier to axonal extension and, in addition, 
contains proteins such as chondroitin sulphate proteogly- 
cans which inhibit axonal growth.'” Chondroitinase ABC, 
which removes glycosaminoglycan side-chains from these 
molecules, promotes axonal extension and functional 
recovery after SCI.'*? In addition to being a potentially use- 
ful primary treatment in SCI, the strategy of limiting the 
glial scar and in reducing its inhibitory effects may be key 
in strategies involving cell transplant (below). In those 
strategies, axons that traverse a cell transplant may be 
inhibited from re-entering the CNS distally in part by glial 
scar.'“4 Other proteins in the glial scar are also inhibitory to 
neurite growth and are expressed largely by the cellular 
component of the scar; these include SEMA3, ephrin-B2, 
and Slit proteins." 

Recent evidence may indicate that the glial scar also pro- 
vides some important beneficial functions after injury. 
Targeted depletion of reactive astrocytes that undergo 
mitosis indicated that, after injury, this component of the 
glial scar serves to repair the blood-brain barrier (BBB), 
prevent an overwhelming inflammatory response, and 
limit cellular degeneration." The role of the glial scar 
may be to seclude the injury site from healthy tissue, pre- 
venting the spread of tissue damage.'“° 


Myelin-associated inhibitory proteins 


It has long been recognized that CNS myelin is a very non- 
permissive substrate for neurite extension.“ Attempts to 
identify the molecular components responsible for that 
inhibition have identified three proteins of key interest: 
Nogo," MAG,'”? and oligodendrocyte-myelin glycopro- 
tein.” All three of these bind the Nogo-66-receptor 
(NgR1).'*4 MAG also binds NgR2. These ligands and their 
shared receptors therefore provide targets which may dis- 
inhibit neurite extension in a myelin envoirnment. 
Inhibition of Nogo using a portion of its receptor or neu- 
tralizing antiserum has shown evidence of improved axonal 
extension and improved functional recovery. +? However, 
NgR1 null mice failed to show improved corticospinal 
regeneration following SCI, suggesting other inhibitory 
pathways may still exist." 
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Cell transplant strategies 


Much attention has been paid to the use of cell transplant 
approaches in the management of SCI. These strategies 
provide several potentially useful mechanistic interven- 
tions. The prominent candidate cells include stem cells, 
bone marrow stromal cells, fetal cells, Schwann cells, and 
olfactory ensheathing glia. Transplants may provide a 
means of diminishing the cystic cavitation seen in human 
SCI and through which axonal extension cannot pro- 
ceed.'*? They may allow the creation of a permissive envi- 
ronment for axonal extension (e.g. Schwann cells and 
olfactory ensheathing glia), although to be successful 
regenerative strategies require extension into distal spinal 
tissue and exit from such a transplanted environment.’™ 
They may elaborate growth factors that can influence local 
neurons and axonal elements (e.g. by ex vivo genetic mod- 
ification). They may have the potential of differentiating 
into neurons or glia, providing the cellular elements for 
true regeneration (e.g. stem cells). Many of these thera- 
pies are intended to be cultured, perhaps modified, and 
introduced into the spinal cord. Schwann cells, however, 
may also be transplanted as peripheral nerve grafts.!*° 
Animal data have provided evidence for improved axonal 
extension using these strategies and several of these strate- 
gies have now entered early human studies, including some 
reports of peripheral nerve grafts and transplantation of 
olfactory ensheathing glia." 


Human randomized control 
trials in spinal cord injury 


This section will review those therapies that have come to 
randomized control trials of efficacy in human SCI. Other 
therapies such as cell transplant strategies that are at the 
phase 1 stage of human investigation (safety) are men- 
tioned in the above discussion but will not be reviewed in 
detail here as most of these are ongoing unpublished trials. 
There have been a total of nine randomized control trials 
completed in this field (Table 62.1). They all address neu- 
roprotective strategies. 


Methylprednisolone and 
other corticosteroids 


Steroids in various forms have been used in the treatment 
of SCI for many years; however, their role became more 
rigorously considered following publication of the NASCIS 
II study. Initial enthusiasm for an apparent positive effect 
of methylprednisolone in SCI has not stood up to the 
extensive scrutiny that ensued.'**!>? In spite of significant 


criticism this medication continues to be used by many, 
and a 2002 study suggests that most practitioners prescribe 
it because of peer pressure or due to fear of litigation rather 
than a firm belief that it is indeed efficacious.’ 

The first NASCIS study compared low- and high-dose 
methylprednisolone and did not include a placebo group.'®! 
It failed to demonstrate a difference between the doses 
tested. It was followed by a randomized control trial com- 
paring a 24-hour protocol to placebo in NASCIS II.!%!6? 
The dose selected in NASCIS II was higher that that of the 
original study due to further animal work that suggested a 
therapeutic threshold of 30 mg/kg.'®? NASCIS II concluded 
that improved neurologic recovery was seen when the 
methylprednisolone treatment protocol was initiated 
within 8 hours of injury. That study was then followed by 
NASCIS III, which compared patients randomized to the 
24-hour NASCIS II protocol to those randomized to a 
48-hour protocol.'°+'® That study concluded that patients 
initiating therapy within 3 hours do not gain any benefit 
from extending treatment to 48 hours, while those initiat- 
ing between 3 and 8 hours do benefit further. No benefit 
had been shown if initiating beyond 8 hours in NASCIS II. 

Both the NASCIS II and NASCIS III trials were well 
designed and executed. However, closer scrutiny reveals 
that the primary analyses of methylprednisolone treatment 
effect were negative in both studies. The stated conclusions 
were based on post-hoc analyses which suggested a minor 
treatment effect on motor scores at 1 year and when 
therapy was initiated in the 8- and 3-8 hour-windows 
identified in NASCIS II and III respectively. Statistical 
probability was slightly greater than 0.05 for one-year 
motor scores in the NASCIS III 48-hour steroid group. 
None of the sensory scores were different between treat- 
ment groups in either study. Several concerns have arisen 
regarding the post-hoc analyses of NASCIS II and II. The 
left-sided motor scores were not published but reported 
‘similar’ to right-sided scores. Thus half the available data 
were excluded. The statistical analyses failed to correct for 
multiple statistical comparisons and it is unclear whether 
the repeated measures design was considered. Over 65 
methylpredisolone related t-tests were performed in 
NASCIS II and over 100 t-tests in NASCIS III. There was 
therefore a high likelihood of type I error (erroneously 
detecting a statistical difference that does not exist) 
through random chance. The rationale for an 8-hour sub- 
analysis (NASCIC II) is unclear. It has been claimed that 
this subgroup was selected based on median time-to- 
treatment. However, by definition, 50% of patients should 
have initiated treatment before the median time of treat- 
ment initiation. In fact only 38% of patients (183 of 487) 
were included in this post-hoc analysis. The justification 
for the 3- and 8-hour windows in NASCIS III is similarly 
obscure. Finally, the outcomes lacked an assessment of 
function recovery meaningful to the patient’s expected 
activities. 
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Human clinical trials in spinal cord injury 


Author Year Design Agent Reported result 

Methylprednisolone and other corticosteroids: 

Bracken et al!*! 1984 Prospective, randomized, double-blind Methylprednisolone Negative 
(NASCIS T) 

Bracken et al!°™! 1990 Prospective, randomized, double-blind Methylprednisolone Positive 
(NASCIS II) 1992 

Bracken et al!6*16 1997 Prospective, randomized, double-blind Methylprednisolone Positive 
(NASCIS II) 1998 

Otani et al!°° 1994 Prospective, randomized, no blinding Methylprednisolone Positive 

Pointillart et al! 2000 Prospective, randomized, blinded Methylprednisolone Negative 

Kiwerski!®” 1993 Retrospective, concurrent case control Dexamethasone Positive 

Gangliosides: 

Geisler et al!”° 1991 Prospective, randomized, double-blind GM.-1 Ganglioside Positive 

Geisler et al!” 2001 Prospective, randomized, double-blind GM-1 Ganglioside Negative 

Opiod antagonists: 

Bracken et al!®163 1990 Prospective, randomized, double-blind Naloxone Negative 
(NASCIS II) 1992 

Flamm et al!’ 1985 Prospective feasibility/safety study Naloxone N/A 

Pitts et al!?! 1995 Prospective, randomized, double-blind Thyrotropin-releasing Positive 

hormone 

Excitatory amino acid antagonists: 

Tadie et al!’ 1999 Prospective, randomized, double-blind Gacyclidine Negative 

Calcium channel blockers: 

Pointillart et al! 2000 Prospective, randomized, blinded Nimodipine Negative 

Antioxidants and free radical scavengeres 

Bracken et al!®*16 1997 Prospective, randomized, double-blind Tirilazad Positive 
(NASCIS II) 1998 


In addition to the NASCIS studies, Otani et al published 
a prospective randomized trial investigating the NASCIS II 
methylprednisolone dosing protocol.'®* The investigators 
were not blinded to treatment and the control group was 
allowed to receive alternate steroids at the physicians’ dis- 
cretion. Of 158 patients entered, 117 were analyzed. The 
primary outcome measures (American Spinal Injury 
Association (ASIA) motor and sensory scores) were not 
different between treatment groups. Post hoc analyses sug- 
gested that more patients improved on the NASCIS II 
steroid regimen compared to controls. However, in order 
for a greater number of steroid-treated patients to improve, 
the fewer control patients who also improved must have 
demonstrated a larger magnitude of recovery (since overall 
ASIA motor and sensory scores were no different between 
groups). Thus such post-hoc analyses become difficult to 
interpret in the face of a negative overall effect. 

A retrospective study with concurrent case controls also 
suggested a benefit with corticosteroid administration.'° 
This study investigated the use of dexamethasone initiated 
within 24 hours of injury, with the specific dose left to the 
discretion of the attending physicians. Length of follow-up 
was not specified and a new but unvalidated neurologic 


grading system was used for outcome assessment. This 
study reported that the percentage of patients improved 
was significantly higher in the methylprednisolone-treated 
group. However, there was a much higher mortality rate 
within the control group, suggesting a selection bias to 
more severely injured patients in the control arm. The 
magnitude of the mortality rate is also a concern and sug- 
gests that the study population may not be representative 
and that the results are not generalizable. 

A randomized control trial designed to examine the 
potential therapeutic benefit of nimodipine (a calcium 
channel antagonist, discussed below) included a NASCIS IT 
methylprednisolone regimen as well as a placebo group.'® 
This study, which included approximately 25 patients in 
each group, failed to show any difference between any of 
four groups (placebo, nimodipine, methylprednisolone, 
and methylprednisolone and nimodipine) using ASIA 
scores and ASIA grade outcomes. However, this study was 
remarkable for an increase in infectious complications in 
the methylprednisolone group. 

In summary, while well designed and executed studies 
have been performed they have failed to demonstrate con- 
vincingly a beneficial effect of methylprednisolone or other 
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corticosteroids in the management of SCI. Post-hoc analyses 
have been used to argue a small effect on motor function in 
three randomized trials. However, all of these analyses con- 
tain significant flaws, rendering conclusions of efficacy dubi- 
ous. These observations have led two national organizations 
to publish guidelines recommending methylprednisolone 
administration as a treatment option rather than as a stan- 
dard of care or recommended treatment.''® It must also be 
recognized that corticosteroid administration comes with 
increased risk of several adverse events, including pneumo- 
nia, sepsis, and steroid-induced myopathy, all of which may 
negatively impact outcome in SCI patients, potentially over- 
shadowing any unproven beneficial effect.'”° In addition, 
the CRASH trial investigating the use of a corticosteroid 
regimen similar to that used in NASCIS II in the setting of 
closed head injury”! demonstrated increased mortality 
with steroid use in that population. One must certainly rec- 
ognize the possibility of an elevated mortality risk in SCI 
patients as well. 


Gangliosides 


Gangliosides are sialic acid-containing glycophosphin- 
golipids which are found in high concentration in the 
outer cell membranes of central nervous system cells, espe- 
cially in the vicinity of synapses. Although their exact func- 
tion is unknown, they appear to play a role in neural 
development and plasticity. The proposed mechanisms of 
action of exogenously administered gangliosides include 
anti-excitotoxic activities, prevention of apoptosis, 
augmentation of neurite outgrowth, and induction of 
neuronal sprouting and regeneration. -15 

GM-1 ganglioside has been the subject of two human 
studies. The first study was a randomized placebo- 
controlled trial of 37 patients.'”° Patients were administered 
100 mg of intravenous GM-1 ganglioside or placebo daily 
for 18 to 32 days, starting within 72 hours of injury. In addi- 
tion, all patients received methylprednisolone for 72 hours. 
A significant difference was seen between groups using 
change in Frankel grades and mean ASIA motor score from 
baseline at one year. Furthermore, the increased recovery in 
the GM-1-treated group was attributed to recovery of use- 
ful strength in initially paralyzed muscle groups, rather than 
to strengthening of paretic muscles. There were no reported 
adverse events attributed to the study drug. 

Based on the encouraging results of the first trial a larger 
prospective, multicenter, double-blind, randomized trial of 
GM-1 ganglioside in SCI patients was initiated.'”” Seven 
hundred and ninety-seven patients were enrolled; all received 
NASCIS II protocol methylprednisolone and were random- 
ized to placebo, low-dose GM-1 (300 mg loading dose 
then 100 mg/day for 56 days), or high-dose GM-1 (600 mg 
loading dose then 200 mg/day for 56 days), starting at 


completion of the 23-hour methylprednisolone infusion. 
The primary outcome assessed was the proportion of 
patients, who improved two or more grades from baseline 
using the modified Benzel score at 26 weeks. Secondary out- 
comes included timing of recovery, ASIA motor and sen- 
sory evaluations, relative and absolute sensory levels of 
impairment, and assessments of bladder and bowel func- 
tion. The high-dose regimen was discontinued after 180 
patients where enrolled, when an interim assessment 
revealed a trend toward increased mortality. At the end of 
the study, in 760 patients the authors found no significant 
difference in mortality between the groups and no signifi- 
cant difference in the primary outcome. However, the 
authors also reported that there was a large, consistent, and, 
at some points, significant effect in the primary outcome in 
the subgroup of nonoperated patients. The ASIA motor, 
light touch, and pinprick scores showed a consistent trend 
in favor of GM-1, as did bladder function, bowel function, 
sacral sensation, and anal contraction. 

In summary, these studies provide suggestive but not 
conclusive evidence of a positive effect on neurologic recov- 
ery after SCI with administration of GM-1 ganglioside. 


Opiate antagonists 


Vasospasm, post-traumatic ischemia, and infarction are 
known contributors to the pathophysiology of SCI. In 
addition, human SCI may occur in the setting of poly- 
trauma and spinal shock syndromes, which contribute to 
the ischemic pathophysiology. Opiate receptor antagonists 
and physiologic opiate antagonists improve blood pressure 
and survival following traumatic shock.'”§ In addition, 
endogenous opioid peptides are released in the spinal cord 
after SCI.'7%!8° Dynorphin decreases microcirculatory 
blood flow in the spinal cord and may contribute directly to 
neurotoxicity, possibly through the NMDA receptor.'®!"!% 
Opiate antagonists may thus be useful in maintaining cir- 
culation and in preventing some neurotoxicity. Of these 
nalmefene, naloxone, and TRH are neuroprotective in 
animal models,.7071929597,99.179.184-188 The latter two have 
been studied in humans. 

Naloxone was one of the treatment arms in NASCIS II!°? 
and was therefore compared to methylprednisolone and 
placebo treatment. Comparison of naloxone (5.4 mg/kg 
bolus followed by a 23-hour, 4.0 mg/kg/hour infusion) and 
placebo failed to demonstrate a therapeutic benefit.!°*!° 
Post hoc analysis suggested an effect on long tract recovery 
when naloxone was started within 8 hours of injury, which 
may warrant further study.'® 

In a dose escalation phase 1 study of naloxone in SCI, 20 
patients received 0.14 to 1.43 mg/kg loading followed by 
20% of loading 47-hour infusion (low dose), and 9 patients 
received 2.7 to 5.4 mg/kg loading dose followed by 75% of 
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loading 23-hour infusion (high dose). More patients in 
the low-dose group had complete injuries (85% vs 44%) 
and initiated their treatment later (average 12.9 vs 6.6 
hours). No improvement in neurologic exam or SSEPs was 
seen with the low-dose regimen, but in the high-dose 
group a small number of patients demonstrated sustained 
improvement of both. The observed improvements were 
encouraging but this study was not designed to examine 
efficacy. The authors were able to show that the high doses 
of naloxone needed to be consistent with animal data in 
SCI were tolerated clinically with minimal side-effects. 

In one human study of TRH, 20 SCI patients were 
administered a 0.2 mg/kg bolus followed by 0.2 mg/ 
kg/hour 6 hour infusion or placebo within 12 hours of 
injury.'?! No discernible treatment effect was found in 6 
patients with complete injuries, while in 11 incompletely 
injured patients TRH treatment was associated with signif- 
icantly higher motor and sensory recovery, and 
Sunnybrook Cord Injury Scale scores at 4 months. While 
this is a small study and should be interpreted cautiously it 
was nonetheless positive. Unfortunately, it has not as yet 
been replicated." 

In summaty, to date three human studies have provided 
positive evidence which likely deserves further study. 
Definitive efficacy studies remain lacking, although one 
small randomized trial was positive. 


Excitatory amino acid 
receptor antagonists 


Receptor-mediated excitotoxicity of neurons and glia is a 
well-recognized secondary injury mechanism following 
neural injury. 87519-195 Inhibition of excitotoxicity in 
animal models of SCI results in improved behavioral and 
histologic outcomes.!?4!°!97 However, the rise in excita- 
tory amino acids after SCI occurs early and is transient 
(likely complete within 2 hours), suggesting that the thera- 
peutic window is small.” 

To date, one human SCI study has been performed using 
the NMDA (N-methyl-D-aspartate) ionotropic glutamate 
receptor antagonist gacyclidine.!"° Two hundred and seventy- 
two patients were randomized in four groups (0.005 mg/kg, 
0.01 mg/kg, or 0.02 mg/kg gacyclidine, or placebo). The 
doses selected were similar to those used in a safety and effi- 
cacy trial in traumatic brain-injured patients.” Gacyclidine 
was administered twice, first within 2 hours of injury 
followed by another administration 4 hours later. While the 
1-month data showed a nonsignificant trend to better out- 
come in the high-dose group, there was no significant differ- 
ence in ASIA or FIM scores at one year.'7"1°8 

Thus, strong animal data suggest that inhibition of 
post-traumatic excitotoxicity is likely to be efficacious in 


the treatment of SCI, however the therapeutic window may be 
very short. A single human study to date did not show efficacy. 


Calcium channel blockers 


Dysregulation of calcium homeostasis and cyoplasmic 
calcium-mediated events are common to many pathways 
leading to cell death.®* Calcium channel blockers may ame- 
liorate calcium fluxes, decreasing cell death. They may also 
affect vascular smooth muscle and decrease vasospasm. 
In animal SCI models, calcium channel blockade is neuro- 
protective'®?°~° and increases post-traumatic spinal 
blood flow.??" In a single human SCI randomized 
placebo-controlled trial of the calcium channel blocker 
nimodepine, 106 SCI patients were administered methyl- 
prednisolone (NASCIS II protocol), nimodipine (0.015 
mg/kg/hour for 2 hours followed by 0.03 mg/kg/hour for 7 
days), both agents, or placebo.'®*?°° No difference in 
blinded neurologic recovery (ASIA score and grade) was 
found among these groups at 1 year. 

Thus, cellular calcium fluxes are thought to be key regu- 
lators of cell death after neural trauma and calcium channel 
inhibition in animal studies has proven neuroprotective. 
However, to date a single study failed to reproduce this 
in humans. 


Antioxidants and free radical 
scavengers 


Following neural trauma, free radical mediated macromole- 
cule peroxidation may lead to cell death.” Several conditions 
following SCI promote increased formation of free radicals 
and there is ample animal evidence that this is a significant 
targetable secondary injury event after SCT.°°°4°76?-7 

Tirilizad mesylate is thought to act through inhibition of 
iron-dependent lipid peroxidation. The NASCIS III study 
included a 166 patient tirilazad group (2.5 mg/kg bolus 
infusion every 6 hours for 48 hours administered after their 
30 mg/kg methylprednisolone bolus).’” This study showed 
no difference in motor recovery compared to 24-hour 
methylprednisolone treatment.'*'® Given the lack of con- 
vincing evidence regarding the role of methylprednisolone 
(as discussed above), this study does not provide evidence 
that tirilizad is effective in human SCI. In addition, while 
the predominant mechanism of action of methylpred- 
nisone is unclear, it is thought to include inhibition of per- 
oxidation reactions (methylprednisolone is discussed in 
detail above). 

In summary, the human data on methylprednisolone 
and tirilizad mesylate, which are believed to decrease per- 
oxidation, do not support their use in the treatment of SCI. 
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Conclusions 


A wealth of interest in the pathophysiology of SCI has iden- 
tified many potential therapeutic targets in animal models. 
Of these, several have come to high-quality human investi- 
gations. Unfortunately, none have been proven effective in 
humans. Several challenges exist when translating successful 
strategies from animal models to human studies. However, 
several groups have now demonstrated an ability to coordi- 
nate and execute large trials which are well designed. 

There are currently several ongoing human trials which 
will add to an already interesting, although largely disap- 
pointing, human literature in SCI, which to date has not 
established any clearly effective therapeutic options. These 
trials include investigations of minocycline (a tetracycline 
derivative which may affect several secondary injury mech- 
anisms including apoptotic cell death and inflammation), 
cethrin’” (a Rho antagonist which is believed to promote 
axonal regeneration), anti-Nogo-A antiserum,'”? and 
autologous activated macrophages” (thought to act 
through elaboration of growth factors and modulation of 
the inflammatory response). In addition, there is signifi- 
cant interest in stem cell, Schwann cell, and olfactory 
unsheathing glia transplantation therapies, all of which are 
involved in ongoing human investigations.'”° 
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Neural tube defects: etiology, prevention, and 


prenatal diagnosis 


Atsuo Kondo, Shinji Katsuragi, and Osamu Kamihira 


Introduction 


In 1905, Moore! reviewed 190 articles in the literature and 
collected 378 cases with spina bifida who had undergone 
excision of the sac. He found that the mortality rate was 
more than 35% in patients within the first few months of 
life, but 4.7% in patients over 5 years at operation. In 1932, 
Penfield and Cone? from Montreal successfully operated 
upon 19 of 33 children suffering from spina bifida or pos- 
terior cranium bifidum without any incidence of death. 
Although children with a minor degree of spinal dys- 
raphism were surgically treated, most children with spina 
bifida were either inappropriately treated or simply left 
untreated to die, until the 1950s. In the 1960s, many such 
children started to survive longer, thanks to advances in 
shunting technology for hydrocephalus treatment, the use 
of antibiotics, and improvements in surgical techniques. 
For the next two to three decades, ileal loop conduit, 
reported by Bricker’ in 1950, was extensively applied to let 
wet myelodysplastics dry. In the 1970s, an ethical dilemma 
and medical concerns were expressed with regard to 
whether a myelodysplastic infant should be actively treated 
or left untreated.*° Lorber® proposed his criteria for select- 
ing patients based on the degree of paralysis, head circum- 
ference, kyphosis, and associated gross congenital 
anomalies, and considered that continuous reassessment 
was vital, even after a positive treatment strategy had been 
selected. 

In 1972, Lapides et al’ reported clean intermittent 
catheterization that dramatically led to changes in treat- 
ment concepts and surgical strategies. Although ileal loop 
conduit was initially considered to be a panacea for those 
with myelodysplasia, this surgical technique was denied 25 
to 30 years later because of a variety of complications such 
as urolithiasis, skin ulceration, and psychosomatic prob- 
lems.’ Then urinary undiversion became a topic of discus- 
sion and was recommended for restoration of the normal 
urinary tract and subsequent intermittent catheteriza- 
tion.”'° In the 1980s and 1990s, bladder augmentation 


procedures using either the ileum, colon, or sigma became 
the gold standard for urologists in association with antire- 
flux surgery, the anti-incontinence sling operation, or 
implantation of an artificial urinary sphincter when 
required.'' The majority of patients with an augmented 
bladder certainly required intermittent catheterization 
postoperatively. In 1980, Mitrofanoff’” reported the use of 
the appendix as a catheterizable stoma, whose construction 
would have been impossible without the application of 
the principle of Lapides. After 10 years, Malone’? took 
advantage of the Mitrofanoff procedure as an antegrade 
continence enema (ACE) to prevent or improve fecal 
incontinence. 

In 1991, the Medical Research Council Vitamin Study 
Research Group! reported, based on their landmark 
prospective randomized controlled trial, that a periconcep- 
tional intake of 4 mg/day of folic acid reduced the inci- 
dence of neural tube defects (NTDs) in subsequent 
pregnancies by 72%. In 1999, a population-based interven- 
tion study was conducted in which 400 ug/day of folic acid 
was administered to Chinese nulliparae.'> The outcome 
indicated that folic acid decreased the first occurrence of 
neural tube defects by 79% in northern China and 41% in 
southern China. In December 2000, the Ministry of Health 
and Welfare of Japan'® advised young Japanese women to 
take 400 ug folic acid supplements daily when planning 
pregnancy. Currently, health agencies in many countries 
have officially recommended the periconceptional con- 
sumption of folic acid in the range of 400-500 g/day by 
those young women capable of conceiving or who are 
planning to conceive.” Based on the analysis of 13 pub- 
lished reports, Wald et al stressed that the chance of an off- 
spring developing NTDs decreases with an increase in the 
folic acid supplement intake and that women planning 
pregnancy should take 5 mg folic acid tablets daily instead 
of 0.4 mg.' Observations and epidemiologic findings 
continue to unmask the biochemistry, biology, and molec- 
ular genetics underlining NTDs, and have contributed to 
the significant progress in developing strategies for the 
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prevention of this devastating anomaly.'?~! Prenatal fetal 
screening comprising imaging tools and biochemical scan- 
ning has contributed to identifying fetal malformation 
that, in turn, provides exact and valuable information for 
the counseling of expectant parents. 


Prevalence of neural tube 
defects 


The NTD comprises myelodysplasia (myelomeningocele), 
anencephaly, encephalocele, craniorhachischisis, and 
iniencephaly, while spina bifida occulta is not included 
among NTDs because it is often undetectable or its relation 
to NTDs is uncertain. Since many patients with anen- 
cephaly and some with myelomeningocele die during early 
gestation, the incidence of NTDs in early embryos and 
their prevalence at birth are not identical. Although the 
prevalence of NTDs at birth varies greatly between coun- 
tries and ethnic groups, it has considerably declined during 
the past three decades due to advancements in the refined 
resolution of ultrasonography for in utero fetal examina- 
tion, the clinical availability of serum alpha-fetoprotein 
measurements, termination of affected pregnancies, and 
the wide consumption of folic acid supplements by 
women of childbearing age. Shurtleff? noted a general 
decline in the birth incidence of NTDs in the majority of 
countries worldwide. He reported that the incidence of 
myelomeningocele in Seattle, USA, was 0.5 per 1000 births 
in 1981-82, which then declined further to 0.05 per 1000 
births in 2001-2. Laurence et al” investigated the incidence 
of spina bifida and anencephaly in the South Wales for 7 
years from 1956 to 1962. They found that the overall inci- 
dence of the malformations was 7.89 per 1000 total births, 
and this value was the highest in the total population at 
that time. Morris and Wald” estimated a large decline in 
the birth prevalence of NTDs in England and Wales in 
1999 on an assumption that the true total number of NTD 
pregnancies remained constant, or changed by a constant 
amount per year. Their analysis is shown in Figure 63.1. 
The prevalence of NTDs was 3.80 per 1000 live births in 
1965, which steadily declined to 0.14 in 1997, i.e., a reduc- 
tion of 96%. Conversely, the estimated number of termina- 
tions increased considerably from 0 per 1000 live births in 
1965 to 1.50 per 1000 live births in 1997, resulting in a true 
prevalence of 1.64 per 1000 NTD births and terminations 
in 1997. It is said that the prevalence of NTDs in Poland 
has been persistently rather high over the last 20 years: 
2.05-2.68 per 1000 newborns.” 

The decreases in the prevalence were further reported in 
relation to the increased accuracy of antenatal diagnoses, 
folic acid supplementation, and fortification of cereals with 
folic acid. For instance, Rankin et al studied statistical 
data from the Northern Congenital Abnormality Survey of 
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Figure 63.1 

Prevalence of neural tube defects per 1000 live births 
significantly decreased and the number of terminations per 
1000 live births significantly increased during the past 30 years 
in England and Wales. 
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The number of births with neural tube defects per 1000 live 
births remained rather constant in Japan over the past 30 years. 


the UK from 1984 to 1996. The authors found that 907 
NTDs among a total number of 507 409 livebirths, still- 
births, and terminations of pregnancy during the 13 years, 
i.e., the total prevalence of NTDs at birth, was 1.79 per 
1000 births and terminations. This prevalence, however, 
significantly declined by 51%, from 2.16 in 1985 to 1.44 in 
1996. On the other hand, termination of pregnancy for 
NTDs significantly increased from 50% (35/70 cases) in 
1984 to 92% (45/49 cases) in 1996. Contrary to the declin- 
ing tendency of NTDs in Occidental countries, Sumiyoshi’’ 
reported that the prevalence of NTDs in Japan has barely 
altered during the past two decades. Figure 63.2 shows the 
prevalence of NTDs in Japan: 1.17 per 1000 live births 
in 1975 and 1.06 per 1000 live births in 2002. We believe 
that following factors are closely related to the unaltered 
prevalence of NTDs in Japan: 
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The prevalence of spina bifida per 1,000 live 


births in 7 countries from 1980 to 2002 


1980 1990 2000 


2002 

England & Wales 1.14 0.17 0.13 

Finland 0.17 0.23 0.26 

France 0.41 0.21 0.02 

Japan 0.25 0.36 0.49 0.56 
New Zealand 1.26 0.44 0.31 

Norway 0.66 0.39 0.38 

USA (Atlanta) 0.77 0.52 0.21 


1. The systematic inability of the government to accumu- 
late precise information on livebirths, stillbirths, and 
fetuses terminated. 

2. The insufficient efforts of the government in presenting 
information on the link between folic acid and NTDs to 
the general public. 

3. Reluctance of the Japanese public to take any supple- 
ments during pregnancy for fear of causing fetal 
malformation. 

4. Neglect of the traditional Japanese food rich in vegeta- 
bles, fish, and rice, and willingness to consume fast 
food/Westernized food lacking in vegetables and 
carbohydrates. 


Sumiyoshi’’ also reported the prevalence of myelodysplasia 
in several developed countries, as shown in Table 63.1. In 
1980, Japan ranked second among the countries with a low 
NTD prevalence, with Finland ranking the lowest, however, 
in 2000 Japan ranked first with the highest prevalence of 
0.49 per 1000 live births. 


Etiology of neural tube 
defects 


The neural tube normally closes in utero within 4 weeks of 
conception, or 2 weeks after the missed menstrual period 
when almost 50% of women are not aware of their preg- 
nancy. Although the causative mechanism of NTDs 
remains poorly understood, a combination of genetic 
abnormalities and environmental and nutritional factors 
plays a definite role in their development. An estimated 
300000 or more of spina bifida and anencephaly cases 
occur worldwide each year.”®”? The fact that folic acid sup- 
plementation of 4 mg daily for women with a history of 
NTD-affected pregnancy resulted in the reduction of 
NTD" focused research into the genetic defects of the 
methyl cycle of homocysteine metabolism over the past 10 
to 20 years. There is ample evidence suggesting that genetic 
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Figure 63.3 


The chemical structure of folic acid. 


abnormalities have a strong impact on the causation 
of NTD: 


e NTDs are related to genes encoding proteins that are 
directly or indirectly connected with folic acid and 
methionine metabolism. 

e A significantly higher number of female fetuses com- 
pared to male fetuses are afflected with NTDs. 

e A significantly higher incidence of consanguinity has 
been indicated among the parents of NTD-afflicted 
babies. 

e Parents who have had an affected pregnancy are at an 
increased risk of its recurrence: at a 3- to 5-fold higher 
risk than the general population. 


Genetic factor: MTHFR C677T 
polymorphism 


A common mutation in the 5,10-methylenetetrahydrohy- 
drofolate reductase (MTHFR) gene has been identified 
which produces a thermolabile variant of MTHFR 677TT 
with a reduced enzyme activity. This mutation is identical 
as a risk factor common to both NTDs and adult cardio- 
vascular diseases. Folic acid (pteroiloglutamic acid), illus- 
trated in Figure 63.3, is a water-soluble B vitamin and is 
involved in single-carbon transfers that are an integral 
part of important processes, including the synthesis of 
nucleotides and a variety of methylation reactions that 
occur in several cell compartments. The activity of the 
variant MTHFR is enhanced by folate, leading to a decrease 
in the plasma homocysteine level. Figure 63.4 briefly 
illustrates the folate and homocysteine metabolism. 
Tetrahydrofolate (THF) and 5,10-methylenetetrahydrofo- 
late (5,10-MTHF) are methylated derivatives of folate that 
are consumed as diet or folate supplements. They are the 
donors of one-carbon groups for nucleotide synthesis. 
5-Methyl-tetrahydrofolate is produced from 5,10-MTHF 
by the activity of MTHFR, which donates its methyl group 
for methionine synthesis from homocysteine. This reaction 
is catalyzed by methionine synthase (MS) with cobalamin 
(vitamin B12) as a cofactor. MS activity requires the 
functioning of methionine synthase reductase (MSR). 
Methionine is subsequently metabolized by methionine 
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Distribution of the MTHFR 677 genotypes among healthy subjects of different ethnic groups. Those with the TT 
homozygous varied from 4.0 to 16.2% who are susceptible to NTDs or other ailments and could be protected by folic acid 


supplementation 

Brazilian 

Irish women Dutch subjects Japanese male Brazilian white Non-white 

Genotypes (n=560) (n=207) (n=203) (n=103) (n=149) 
CC 46.8% 53.6% 33.3% 56.3% 53.7% 
Cit 42.3% 41.5% 50.5% 35.0% 42.3% 
WI 10.9% 4.8% 16.2% 8.7% 4.0% 
References Molloy”? van der Put** Miyake” Perez“ Perez” 


adenosyltransferase to form S-adenosylmethionine (SAM). 
SAM is a donor of methyl groups in transmethylation reac- 
tions and one of the products is S-adenosylhomocysteine 
(SAH), which can be used again for methionine synthesis. 
When homocysteine is catalyzed by cystathionine synthase 
(CBS) together with vitamin B6, it is metabolized to cys- 
tathionine. Thus, there are four key enzymes involved in 
folate and methionine-homocysteine metabolism, i.e., 
MTHFR, MS, MSR, and CBS.?>30-32 

It is known that a specific thermolabile variant of 
MTHFR T677T causing partial enzyme deficiency is pre- 
sent in 4 to 16% of the normal population in different 
ethnic groups. Table 63.2 depicts that, among five 
ethnic groups,”6 Japanese males exhibited the highest 


proportion of MTHFR T677T (16.2%), followed by Irish 
women (10.9%), and Brazilian caucasians of both sex 
(8.7%). The folate pathway enzyme, MTHFR, is one of the 
principal means that enables cells to regulate intracellular 
concentrations of methionine and homocysteine and is 
related to the occurrence of NTDs by preventing the con- 
version of homocysteine to methionine. Polymorphism of 
C677T (C for cytosine, T for thymidine) in the MTHFR 
gene has been identified as a mutation that renders the 
enzyme thermolabile and causes it to lose its activity with 
an increase in temperature, thereby leading to an increase 
in the serum homocysteine concentration. Decreased 
enzyme activity is a risk factor for NTDs, cerebrovascular 
diseases, venous thrombosis, urogenital anomalies, oral 
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Distribution of the MTHFR C677T polymorphism between affected children (cases) and the control children. 


Significant difference in proportion of TT genotypes is observed between groups in two of three manuscripts 


Authors CE cr a 
Cases & control (wild type) (heterozygous) (homozygous) pvalue 
Van der Put** 
Cases (n=55) 40% (22) 47% (26) 13% (7) p= 0.047 
Controls (n= 207) 54% (111) 42% (86) 5% (10) 
Perez*° 
Cases (n= 131) 45.0% (59) 47.3% (62) 7.6% (10) p= 0.16 
Controls (n= 126) 54.0% (68) 35.7% (45) 10.3% (13) 
Kirke?’ 
Cases (n=395) 38.2% (151) 43.3% (171) 18.5% (73) p< 0.0001 
Controls (n=848) 51.8% (439) 38.4% (326) 9.8% (83) 


and cleft palate, and colon cancer. In order to suppress the 
mutation effect, folate supplements are essential and effec- 
tive, because they increase MTHFR stability. Although Parle- 
McDermott et al genotyped 276 complete triads (mother, 
father, and an affected child) and 256 controls in 2003; the 
role of a second MTHFR polymorphism, 1298A-C, in the 
etiology of NTDs could not be confirmed. 

Table 63.3 depicts the distribution of the MTHFR 
C677T polymorphism among the affected children and the 
controls reported in three articles, and suggests that indi- 
viduals with the TT homozygous genotype, a risk factor for 
NTDs, may require a higher folate intake to regulate the 
plasma homocysteine concentration. Van der Put et al, in 
1995,** studied the correlation between the 677C->T 
mutation in the MTHFR and the MTHER activity in 55 
NTD cases and 207 controls among Dutch people. 
Compared to subjects with the CC genotype, those with 
the TT homozygous genotype were associated with 
decreased MTHFR activity, decreased thermolability, 
increased plasma homocysteine concentrations, high red- 
cell folate (RCF) concentrations, and decreased plasma 
folate concentrations. The authors speculated that folate 
administration would benefit subjects with the TT 
homozygous genotype by improving the MTHER activity 
and lowering the serum homocysteine level. Perez et al*® 
quantified plasma homocysteine levels in relation to geno- 
types of MTHFR among Brazilian subjects: 131 children 
with and 126 children without myelodysplasia. The 
authors reported that the homocysteine levels were higher 
in case children than in the control children, irrespective of 
the genotype, but the proportion of the TT homozygous 
genotype was not statistically different between the two 
groups. Kirke et al genotyped 395 Irish patients with 
NTD and 848 controls and reported that both homozygous 
(TT) and heterozygous (CT) genotypes showed a better 
correlation with lower tissue folate concentration, higher 
homocysteine concentration, and lower tissue enzyme 
activity than the wild type (CC) genotype. The authors 


mentioned that the combined CT and TT genotypes 
accounted for approximately 26% of NTD occurrence in 
the population, and that both genotypes of MTHFR T677T 
and C677T should be regarded as risk factors and as much 
as 50 to 60% of the population at NTD risk would benefit 
from food fortification. 

Mills et al” investigated homocysteine and vitamin B12 
levels in 81 pregnant women with previous NTD-afflicted 
children and 247 normal controls whose children were 
normal. Mothers of children with NTDs had significantly 
higher homocysteine values than the B12-matched con- 
trols (8.62 vs 7.95 mol/l); however, the vitamin B12 level 
did not differ between the two groups. The authors 
reported that an abnormality in homocysteine metabolism 
related to methionine synthase is present in many women 
who have delivered NTD-afflicted children and that 
administration of both folic acid and B12 would be the 
most effective method to prevent NTDs. Molloy et al”? 
investigated the impact of polymorphism homozygosity 
on the amount of RCF in 560 healthy women (242 preg- 
nant and 318 nonpregnant) recruited in Dublin, Ireland. 
The RCF levels are more reliable than the serum folate con- 
centration because they reflect the tissue folate status over 
the lifetime of the erythrocyte. Table 63.4 shows that the 
RCF level was significantly higher in pregnant and non- 
pregnant women with the CC wild genotype and in preg- 
nant women with the CT heterozygous genotype than in 
women with the TT homozygous genotype. Miyake et al” 
studied the effects of intake of 1 mg folic acid with regard 
to the three MTHFR genotypes in 203 males suffering from 
atherosclerosis. After 3 months, the authors observed that 
the folic acid supplementation significantly decreased the 
plasma homocysteine levels and increased the folic acid 
concentration in all three genotype groups; nevertheless, 
subjects with the TT homozygous genotype experienced 
the largest changes in the plasma concentrations. 

Chatkupt et al“ reported that, besides the role of geno- 
types, there exists a genetic contribution to the occurrence 
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Red-cell folate (RCF) depending on C677T polymorphism in MTHER in 242 pregnant and 318 non-pregnant women. 


RCE level was significantly higher in pregnant and non-pregnant women with the CC wild type and significantly higher in pregnant 
women with the CT heterozygous compared to women having TT homozygous type 


RCE (ug/L) 
Genotypes Pregnant (n=242) No-pregnant (n=318) Pregnant Non-pregnant 
CG 114 148 3A aye 
(Gil 108 129 321% 314 
Wat 20 Al 252 284 


p< 0.01 *p<0.05 


of NTDs. The authors studied 72 families with familial 
spina bifida, including 180 patients from the USA. Since 
the authors observed a high proportion of families with 
Irish and German ancestry, a low proportion of families 
with African-American ancestry, and a low prevalence of 
spina bifida in the African-Americans, they suggested that 
their data could reflect different genetic susceptibilities. 
Smoking reduces the serum folate concentration, particu- 
larly in people with the TT homozygous genotype. 
McDonald and her associates“! evaluated the effect of 
smoking on the serum folate and RCF concentrations in 80 
pregnant women during their first or early second 
trimester. Of the 80 women, 40 smoked and 40 did not. 
They found an absence of significant difference in the 
dietary folate and vitamin B12 intakes between the two 
groups; however, the serum folate concentration was sig- 
nificantly lower in the smokers than in the nonsmokers 
(p= 0.001) and there was a trend toward a lower RCF con- 
centration in pregnant women who smoked (p = 0.38). 
When the serum folate concentration was compared 
between subjects with MTHFR 677TT and those with 
MTHER 677CC or MTHER 677CT, women who were 
identified with 677TT and smoked exhibited a significantly 
lower serum folate concentration. In 2004, Rothenberg 
et al” investigated the presence of autoantibodies in serum 
against folate receptors in 12 women who were or had been 
pregnant with an NTD-affected fetus and in 24 control 
women. The authors reported (1) the existence of a high 
affinity in the binding of autoantibodies to folate receptors 
in the 12 women with NTD-affected pregnancy, (2) that 
autoantibodies were present in the serum of 9 of these 12 
case subjects and in 2 of the 20 control subjects (4 nul- 
ligravida were excluded from the statistical analysis), and 
(3) that the binding of autoantibodies to folate receptors 
blocked the cellular uptake of folate. However, they com- 
mented that additional studies are necessary to identify the 
frequency of folate-receptor autoantibodies in women who 
have complicated pregnancies and to determine whether 
these autoantibodies are pathologic. 


Nutritional factors: folic acid 
deficiency 


In the first half of the 20th century, folic acid was identified 
as one of the B vitamins that does play a significant role in 
the occurrence or recurrence of NTDs.* As early as 1933, 
Willis reported that marmite, an autolyzed yeast product, 
was actively effective in treating patients with tropical 
macrocytic anemia in Bombay, India. Patients of both sexes 
responded to 30 g per day Marmite with an increase in the 
proportion of red blood cells and reticulocytes in the total 
red cell count. In 1960, Nelson* observed that a folic acid- 
deficient diet administered to experimental rats resulted in 
embryonic anomalies such as anemia, skeletal anomalies, 
anomalies of the urinary tract, and vacuolation of the lens. 
The author stressed that diet administration should corre- 
spond to the time when the sensitivity to the folate defi- 
ciency is the highest. 

Clinical implications of folic acid deficiency have been 
reported since the mid 1960s in the UK. In 1964, Hibbard 
BM*‘ from Liverpool investigated 1484 patients under 
obstetric care in whom folic acid deficiency was extremely 
common, and recognized that folic acid that governs DNA 
synthesis was highly demanded at the time of rapid prolif- 
eration of cells and organs, beginning at the 2-celled 
embryo stage up to a 2 billion-celled fetus. He concluded 
that folic acid deficiency resulted in megaloblastic anemia, 
abruptio placentae, and fetal congenital malformations 
and that true prophylaxis must begin before conception. In 
1965, Hibbard and Smithells*’ noted a significant relation- 
ship between defective folate metabolism and mothers who 
gave birth to fetuses with malformation. In 1980, Smithells 
et al*® recruited 438 women, who had had one or more 
NTD infant, and gave daily multivitamin tablets contain- 
ing 0.36 mg folic acid to 178 of these women; the tablet 
administration was commenced at 28 days before concep- 
tion and was continued up to at least the date of the second 
missed menstruation. The remaining 260 women were 
treated as controls. The authors did find a significant 
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Congenital anomalies developed in two groups. Prevalence of anomalies in folic acid group (800ug/day) was 


significantly lower than the trace-element group 


Folic acid group 


Trace-element group 


Malformations (2104 women) (2052 women) 
Neural tube defects 0 6 
Cardiovascular malformation 6 9 

Cleft palate w/wo cleft lip 4 5 
Down’s syndrome 2 3 
Exomphalos and gastroschisis 1 1 
Foramina parietale permagna 0 2 
Hydrocephalus 0 p 
Hypospadias 1 1 

Large hemangioma on the face 3 1 
Limb-reduction defect 1 5 
Obstructed urinary system 1 2 
Postural deformity 2 0 

Other malformations 7 10 

Total 28 (13.3 per 1000)* 47 (22.9 per 1000) 
*p=0.029 


difference in the recurrence rates of NTD-afflicted 
infants/fetuses between the two groups: 0.6% (1/178) in 
the supplemented group vs 5% (13/260) in the control 
group (p = 0.009). In 1981, Laurence et al”? confirmed the 
effectiveness of periconceptional folic acid administration 
for the prevention of NTD ina rather small-sized random- 
ized controlled trial. A total of 111 women with a history of 
NTD-affected pregnancies were recruited and instructed to 
take 4 mg folic acid tablets daily or placebo; the supple- 
mentation/placebo was started at the time contraceptive 
precautions were discontinued. The authors found that the 
recurrence rate was 0% in the supplemented group of 44 
women and 9.0% in the noncompliant or placebo group of 
67 women, and this difference in the recurrence rate was 
significant (p = 0.05). 

In 1991, the MRC vitamin study research group" 
reported a memorable, large-scaled randomized con- 
trolled trial of folic acid in a total of 1031 women who 
had already had a pregnancy with an NTD. The subjects 
were recruited from 7 countries: UK, Hungary, Israel, 
Canada, USSR, France, and Australia. The women were 
allocated into 1 of 4 supplementation groups: supple- 
ments containing 4 mg folic acid, multivitamins without 
folic acid, both of these, or neither. The recurrence rate 
of NTD was 1.0% (5/514) in the folic acid supplementa- 
tion groups and 3.5% (18/517) among those who did not 
take folic acid. The relative risk for the women allocated 
to receive folic acid was 0.28, i.e., 72% of NTDs were 


prevented (95% CI: 29 to 88%). A Hungarian group,” 
through a randomized trial, investigated whether daily 
periconceptional supplementation of 0.8 mg folic acid or 
trace element micronutrients without folic acid could 
prevent the first occurrence of NTDs among 4156 
women (Table 63.5). Although the amount of folic acid 
administered was only one-fifth of the dose in the MRC 
vitamin study,'* the outcome was as promising as 
expected, i.e., there were 6 cases of NTDs in the trace ele- 
ment supplement group and no incidence of NTDs in the 
folic acid supplement group (p = 0.029). Furthermore, 
the number of congenital anomalies observed in the two 
groups was significantly more in the trace element group 
(22.9 per 1000 live births) compared to the folic acid 
group (13.3 per 1000 live births) (p = 0.029). A Chinese 
cohort study!’ administered 400 ug of folic acid daily to 
women planning to conceive in the northern and south- 
ern regions and investigated the effect of periconcep- 
tional folic acid intake. The NTD occurrence rates in 
women not receiving folic acid were 4.8 per 1000 preg- 
nancies in the northern region and 1.0 per 1,000 preg- 
nancies in the southern region. Among the women with 
periconceptional folic acid supplementation, these rates 
were 1.0 per 1000 pregnancies in the northern and 0.6 
per 1000 pregnancies in the southern regions. The reduc- 
tion in the risk of NTD occurrence in the first pregnancy 
was significant in both regions, i.e., 79% in the northern 
and 41% in the southern region. 
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The risk of obesity in relation to the occurrence of NTDs. The relative risk for NTDs increases form 1.9 for women 


weighing 80 to 89 kg to 4.0 for women weighing 110 Kg or more in comparison with women of 50 to 59 Kg 


Control mothers with 

Pre-pregnant Case mothers with NTDs major malformations Multivariate RR 
Weight (kg) (n=604) (n= 1658) (95% CI) 
50-59 ily) 625 Reference 
60-69 126 453 0.8 (0.6-1.1) 
70-79 93 204 1.2 (0.9-1.6) 
80-89 45 65 1.9 (1.2-2.9) 
90-99 19 45 1.3 (0.7-2.3) 
100-109 13 14 3.1 (1.4-7.0) 
>=110 13 9 4.0 (1.6-9.9) 


Environmental factors such as 
diabetes mellitus, obesity, 
drugs, and smoking 


Environmental factors also affect the occurrence of NTDs 
by modulating gene expression, and this is reflected by the 
varying frequencies of NTD cases. Furthermore, NTDs 
have been prevalent in countries or regions with a devas- 
tating economic status and compromised food supplies. 
Here we will discuss several teratogens. 

Diabetes mellitus in pregnant mothers is a risk factor for 
NTDs. Becerra et al*! studied a total of 4929 diabetic preg- 
nant mothers and 3029 control pregnant mothers who 
were identified and interviewed over the telephone. The 
relative risks for major central nervous system malforma- 
tions (spina bifida, anencephaly, encephalocele, etc.) and 
cardiovascular system malformations were 15.5 and 18.0, 
respectively, among infants of mothers with insulin-depen- 
dent diabetes mellitus. The authors stressed that strict 
metabolic control well before conception and educating 
the women about the risks of diabetes mellitus can signifi- 
cantly reduce the incidence of birth defects among infants 
of diabetic mothers. 

Obesity in mothers is also a risk factor for NTDs, and the 
effect of extreme obesity is independent of the effects of 
folate intake. Werler and associates” collected data in a 
case-control surveillance program of birth defects from 
1988 to 1994 (Table 63.6): 604 fetuses or infants had NTDs 
and 1658 fetuses or infants exhibited other major malfor- 
mations within 6 months of delivery. The relative risk for 
NTDs increased from 1.9 for women weighing 80-89 kg to 
4.0 for women weighing 110 kg or more in comparison 
with women of weight 50 to 59 kg. The risk of NTDs 
decreased by 40% with an intake of 400 g/day or more of 
folate among women weighing less than 70 kg; however, no 
benefits were observed among heavier women. 


Anti-epileptic drugs (AEDs) cross the placenta, raise the 
pharmacologically active concentration of the drug in 
the embryo or fetus, alter folate metabolism, and decrease 
the plasma folate or RCF concentration.” Although the 
mechanisms underlying the effects of AEDs remain to be 
further elucidated, several theories have been suggested for 
their adverse effects: liver enzyme induction by AEDs, 
impairment of folate absorption, competitive interaction 
between folate co-enzymes and drugs, and an increased 
demand for folate as a co-enzyme for anti-epileptic 
hydroxylation. Goggin and associates™ clearly showed that 
all anti-epileptic drugs interfere with folate metabolism. 
The authors studied the effects of AEDs on the RCF levels 
among 200 patients with epilepsy and 72 controls. They 
found that the median RCF levels were significantly lower 
in patients treated with phenytoin (170.5 ug/l), carba- 
mazepine (173.5 ug/l), or more than one drug (154.0 ug/l) 
compared to the controls (247.5 ug/l). Kaneko et al” 
prospectively analyzed 983 offspring born in Japan, Italy, 
and Canada and observed that the prevalence of congeni- 
tal anomalies in these newborns was 9.0% when they were 
exposed to AEDs, but was 3.1% when they were not. The 
authors found that the prevalence of malformations 
increased with the number of drugs administered; the rate 
of malformation was 7.8% for one AED, 9.6% for two 
AEDs, 11.5% for three AEDs, 13.5% for four AEDs, and 
15.4% for five AEDs. According to recent data, valproate is 
significantly more teratogenic than carbamazepine, and a 
combination of valproate and lamotrigine is particularly 
teratogenic.” In fact, the Japanese government has banned 
the prescription of both trimethadione and valproate to 
pregnant women and has cautioned that primidone should 
be prescribed only when its usefulness exceeds the risk of 
harm to the mother and fetus. 

Hyperthermia is another risk factor for NTDs. An ele- 
vated body temperature was the first teratogen observed 
in experimental animals and was subsequently proved 
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teratogenic in humans. Graham and associates” stated in 
their review that hyperthermia during the first trimester 
was significantly associated with NTDs; the sources of 
hyperthermia considered were febrile illness, sauna use, hot 
tub use, or excessive physical exercise in a hot and humid 
environment. In Finland, women in the early stages of preg- 
nancy have been advised to limit their exposure to hot tubs 
set at 40°C to less than 10 min and to saunas set over 90°C 
to a maximum of 15 min. The authors suggested that 
hyperthermia at or above 102°F (38.9°C) for more than 24 
hours in the first 4 weeks after conception may affect both 
brain and facial morphogenesis in the human fetus. 

A variety of drugs are known to interfere with the metab- 
olism of or prevent the absorption of folic acid. These 
drugs comprise sulfamethoxazole-trimethoprim (antimic- 
robials), methotrexate (anticancer agent), aspirin (anticoag- 
ulant), sulfadoxine-pyrimethamine (antimalarial agent), 
sulfasalazine (antiulcerative colitis), azathioprine (immuno- 
suppressant), antacid, rifampicin (antituberculosis), anti- 
epileptic drugs, and so forth.**©° These agents should be 
avoided or prescribed with caution to women of child- 
bearing age in particular. 

Vitamin A has been teratogenic in experimental ani- 
mals.°! Rothman and associates reported an epidemio- 
logic study wherein they recruited 22 748 pregnant women 
between weeks 15 and 20 of pregnancy and obtained infor- 
mation on diet, medications, and illnesses during the first 
trimester of pregnancy and general information about 
their family, medical history, and exposure to environmen- 
tal agents. A total of 339 congenital anomalies (14.9/1000 
live births) including 48 NTDs developed in infants born 
to these women. The ratio of prevalence of malformations 
among babies born to women who consumed > 15000 IU 
of preformed vitamin A per day from food and supple- 
ments to the prevalence among the babies whose mothers 
consumed 5000 IU or less per day was 3.5. If a woman took 
vitamin A from supplements alone, then this rate increased 
to 4.8. Based on these observations, the authors concluded 
that high dietary intake of preformed vitamin A appeared 
to be teratogenic and it should be avoided. 

Cigarette smoking during pregnancy is a causative factor 
for the occurrence of cleft lip or cleft palate, congenital 
heart defects, decrease in birth weight, placental abruption, 
sudden infant death syndrome (SIDS), and Down syn- 
drome.®*-°* Although none of these reports suggested a 
direct linkage between cigarette smoking and NTDs, 
women with MTHFR 677TT who smoked were reported to 
have significantly lower serum folate levels,*! and this indi- 
rectly suggests that smoking is detrimental to both the 
mother and her unborn child. It is noteworthy that the 
American Academy of Pediatrics®’ issued an important 
message advocating no smoking to the American public as 
early as 1976. 

Alcohol consumption during pregnancy is significantly 
associated with low birth weight, cleft lip/palate, and fetal 


alcohol syndrome, but its relation to NTDs is as yet uncer- 
tain. Shurtleff et al analyzed 621 patients with myelodys- 
plasia and observed the heterogeneous nature of this 
defect; among these patients, 13 cases had suspected eti- 
ologies, leaving 608 or 98% of the cases with an unknown 
etiology. The authors mentioned that there were two North 
American Indian mothers of offspring with meningomye- 
locele associated with fetal alcohol syndrome, and sug- 
gested that severe alcoholism and their racial propensity 
might have been responsible for the NTDs in their infants. 


Prevention of neural tube 
defects 


Prepregnancy counseling is of prime importance for 
women who have had an affected pregnancy or who have a 
family history of NTDs. Periconceptional consumption of 
folic acid supplementation is strongly recommended and 
any etiologic factors such as diet, drugs, or vitamins which 
might disturb folic acid metabolism should be avoided. 
Additionally, prenatal examination® is essential to diag- 
nose fetal abnormality; the findings of such an examina- 
tion would provide increased options for parents and a 
decreased prevalence of children with major abnormalities. 
A larger number of parents would be able to either prepare 
for a baby with a disorder well in advance or consider 
termination of the pregnancy. 


Folic acid intake and 
balanced diet 


The neural tube normally closes within 28 days after con- 
ception and other major malformations develop within 12 
weeks of gestation. Therefore, folic acid supplementation 
should be started from 4 weeks before to 12 weeks after 
conception to reduce the risk of having fetuses or new- 
borns afflicted with major malformations. If a woman has 
a history of a malformed offspring she should consult her 
doctor, who should recommend taking 4 mg/day folic acid 
supplementation. Furthermore, she should avoid alcohol, 
drugs, and smoking; consume well-balanced meals com- 
prising vegetables, fruits, and carbohydrates; and reduce 
the amount of lipids in food. The correlation between poor 
nutrition and occurrence of NTDs provides a powerful 
tool for primary prevention. Several articles from North 
America have reported a significant reduction in the preva- 
lence of NTDs since the commencement of cereal grain 
fortification with folic acid. Presently, it is presumed that a 
typical American woman consumes 100 ug of folate daily 
through enriched grain products. In a northern Mexican 
state, a folic acid campaign with free distribution of folate 
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Dietary folate consumption and plasma folate levels were studied in five groups of women. Statistical difference was 


tested in comparison with healthy women group 


Dietary folate with 95% CI 


Plasma folate with 95% CI 


Five groups of women Age/BMI (g/day) (ng/ml) 
Healthy women (n=61): the control 37/21.0 338 (305-370) 8.2 (7.6-8.9) 
Pregnant women (n=41) 325 356 (310—402) 11.9 (7.1-16.6) 
Mothers of patients with NTDs (n=66) 42/21.6 301 (273-330) 8.2 (7.1-9.4) 
Patients with NTDs (n=32) 24/22.8 273 (237-308)* 7.3 (6.3-8.3) 
Student nurses (n=45) 20/20.1 217 (196—238)** 6.8 (6.1—-7.4)** 


*p<0.05 **p< 0.01. 


to low-income women resulted in a reduction in the num- 
ber of NTDs by 50%, i.e., the occurrence rates were 1.04 
per 1000 live births in 1999 vs 0.58 per 1000 live births in 
2001.” A recent national population-based case-control 
study in Norway identified that folic acid supplements dur- 
ing early pregnancy appear to reduce the risk of isolated 
cleft lip by approximately one-third and that other vita- 
mins and dietary factors may provide additional benefits.” 
Folate consumed in foods is in the form of polyglutamates 
and that present in supplements or fortified food is in the 
form of monoglutamates. To be metabolized in the body 
the former has to be converted to the latter form. Moreover, 
the bioavailability of the former is relatively low, 50%, 
whereas that of the latter is as high as 85%. Although the peri- 
conceptional intake of folic acid supplements and a well- 
balanced diet have been recommended by a number of 
countries, the question that arises is, are young women of 
child-bearing age really compliant with this recommenda- 
tion? We studied the amount of dietary folate consumed and 
plasma folate levels in 5 groups of young and adult women 
from 2001 to 2002; the data of this study are depicted in Table 
63.7.” Two hundred and forty-five women participated in 
this study. The recommended dietary allowance (RDA) of 
folic acid prior to 2004 in Japan was 200 ug/day and 400 
ug/day for nonpregnant women and pregnant women, 
respectively. Pregnant women consumed the largest amount 
of folate via foods (356 ug/day) and showed the highest value 
of plasma folate values (11.9 ng/ml). Dietary folate was sig- 
nificantly lower among patients with NTDs and student 
nurses, and the plasma folate level was also lower in student 
nurses than in healthy women (the controls). With regard to 
the RDA, the majority of nonpregnant women studied ful- 
filled the RDA, but 71% of pregnant women did not. Our 
data suggest that the majority of the nonpregnant women 
appear to be eating adequately; however, the pregnant 
women need to change their eating habits in terms of con- 
suming more folate-rich foods and/or folate supplements. 
We analyzed the dietary records collected from a total of 
332 pregnant women from 2003 to 2006 in Japan (52 
women in 2003, 94 women in 2004, 104 women in 2005, 
and 82 women in 2006). These pregnant women voluntar- 
ily took part in this study by completing the dietary records 


for 3 days, and these records were then analyzed by experi- 
enced dietitians based on the 5th Standard Table of Food 
Composition of Japan (unpublished data). It was observed 
that, during 2003-2006, the consumed proportion of four 
micronutrients was less than 80% of the RDA of Japan for 
pregnant women (Figure 63.5). These deficient micronutri- 
ents were iron (RDA = 19.5 mg/day), vitamin B1 (RDA = 
0.9-1.2 mg/day), folic acid (RDA = 400-440 ug/day), and 
dietary fibers (RDA = 17-20 g/day). Please note that the 
RDAs were revised in 2005 by increasing the recommended 
values of most nutrients. As seen in Figure 63.5, the 
amount of dietary iron was definitely less, only 40% of 
RDA, and that of dietary folic acid varied from 86% to 
76%. The imbalance in nutrients may be attributed to the 
neglect of traditional Japanese food, increased consump- 
tion of ‘fast’ foods, increased consumption of soft drinks,” 
and an inappropriate dieting despite a normal body mass 
index in young women of childbearing age. 


The effects of food 
fortification 


Table 63.8 depicts the effect of food fortification on the 
occurrence of NTDs. In Ontario, Canada, the total number 
of NTDs (live births, stillbirths, and therapeutic abortions) 
decreased from 1.17 per 1000 pregnancies in 1986 to 0.86 
per 1000 pregnancies in 1999.” In Nova Scotia, Canada, 
the total incidence of open NTDs (live births, stillbirths, 
and terminated pregnancies) decreased by 54% after food 
fortification.” In South Carolina, USA, the increased peri- 
conceptional use of folic acid supplements among women 
of childbearing age decreased the prevalence rate of NTDs 
by 50%.” Honein and associates” investigated the impact 
of folic acid fortification of the USA food supply on the 
occurrence of NTDs. Based on the number of birth certifi- 
cates issued, they found that the prevalence of NTDs 
decreased by 19%. In 2004, Mills and Signore” compared 
the articles accumulated before and after the food fortifica- 
tion in the USA and Canada; similar fortification programs 
were instituted in each of these countries. The authors 
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Reduced prevalence of NTDs after food fortification in the North America 


Location Prevalence prior to Prevalence after 

(References) food fortification food fortification Reduction rates 

Ontario, Canada 1.17/1000 live births, 0.86 Reduction of 27% 
(Gucciardi”) (1986) (1999) 

Nova Scotia, Canada 2.58/1000 live births, stillbirths iy Reduction of 54% 
(Persad’*) & abortion (1991-1997) (1998-2000) 

South Carolina, US 1.89/1000 live births 0.95 Reduction of 50% 
(Stevenson”®) & fetal death (1992) (1998) 

45 states & Washington DC 0.378* 0.305* Reduction of 19% 
(Honein’’) (1995-1996) (1998-1999) 


* Prevalence of NTDs based on birth certificates per 1000 births. 


reported that the 26% decrease in NTDs calculated by the 
Centers for Disease Control and Prevention (CDC) was an 
underestimate,” and they estimated that the reduction in 
NTDs due to food fortification is in fact about 50%. 

To what extent did the plasma folate concentration 
improve after food fortification? Cuskelly et al% investigated 
the changes in RCF concentration after folate was adminis- 
tered by three routes: folate-rich natural food (400 ug/day), 
fortified food (400 ug/day), or folic acid supplements (400 
g/day). Sixty-two young women were allocated to the three 
groups, and only dietary advice was given to the control 
group. Three months later the authors found a significant 
increase in the RCF concentration in the fortified food group 
(from 326 to 498 ug/l) and folic acid supplement group 
(from 351 to 492 ug/l). They criticized the recommendation 
of an increased intake of folate-rich food for women of child- 
bearing age and considered it ineffective, nonbeneficial and 
misleading. Daly et al*! recruited 121 women with RCF levels 
between 150 and 400 ug/l and assigned them to receive 
placebo, 100 ug, 200 ug, or 400 ug folic acid supplements 
daily. After 6 months, the authors found significant changes 
(p< 0.001) in the median incremental values and the median 


post-treatment concentrations in the three folic acid supple- 
mented groups, but not in the placebo group: 67 ug/l and 375 
ug/l, 130 ug/l and 475 ug/l, and 200 ug/l and 571 ug/l, for the 
100 ug/day supplements, 200 ug/day supplements, and 400 
ug/day folic acid supplement groups, respectively. 

Jacques and associates? studied how plasma folate con- 
centration is affected by food fortification by comparing the 
blood data of subjects with a mean age of 55 years. Blood 
samples were obtained from the 5th and 6th Framingham 
Offspring Study cohorts and the results were compared 
between them (Table 63.9). The study group comprised 248 
subjects who were examined before and after food fortifica- 
tion. The control group of 553 subjects was examined twice 
before fortification, with a 3-year interval between examina- 
tions. The authors observed a significant increase in the 
serum folate concentration and a decrease in the total homo- 
cysteine concentration in the study group subjects who were 
not on folic acid supplementation, while there were no sig- 
nificant changes in the control group. They also found that 
the prevalence of low folic acid levels (< 3 ng/ml) significantly 
decreased from 22% to 2%, and the prevalence of high 
homocysteine levels (> 13 mol/l) significantly decreased 
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Food fortification resulted in a significant increase in plasma foliate and a significant reduction in total homocysteine 


concentrations in the study group of Framingham Offspring Study cohorts. The control group visited twice with a three year 


interval before the fortification 


Plasma folate (ng/ml) Total homocysteine (ng/ml) 
Subjects Pre- Pre- Post-fortification Pre- Pre- Post-fortification 
Study Group 4.6 ng/m 10.0 ng/m** 10.1 ng/m 9.4 ng/m** 
(n= 248) 
Control Group 4.6 4.8 10.2 
(m= 55) 


**Comparison was done with the pre-fortification value (p < 0.001). 


from 19% to 10%. Evans et al observed a marked decrease 
in high maternal serum alpha-fetoprotein (MSAFP) values 
after introduction of folic acid fortification in bread and 
grains. A total of 61119 pregnant women underwent prena- 
tal screening, and the data were categorized by multiples of 
the median (MoM) between two groups before (1997) and 
after (2000) the mandatory supplementation in the USA. 
They observed a 32% decrease in the patients with MoM val- 
ues greater than 2.75, demonstrating a highly successful pub- 
lic health policy for the primary prevention of birth defects. 
Laurence et al“ studied 98 351 samples of serum folate con- 
centrations measured from 1994 to 1999 in the USA. The 
median serum folate levels were 12.6 ng/ml in 1994, which 
remained stable up to 1996. However, the levels started 
increasing from 1997, i.e., the concentration was 14.9 ng/ml 
in 1997 and increased to 16.7 ng/ml in 1998. The authors sug- 
gested folic acid fortification of food as the most likely reason 
for the increase in the folate concentration because fortifica- 
tion was formally completed in January 1998. 

In 2001, Wald DA and associates™ investigated folic acid 
supplementation in 151 subjects with ischemic heart dis- 
ease, by allocating them to either the placebo, 0.2, 0.4, 0.6, 
0.8, or 1.0 mg/day folic acid supplementation groups. The 
authors found that the median serum homocysteine level 
decreased with an increase in the folic acid dose, to a 
maximum at 0.8 mg of folic acid per day, and the median 
serum homocysteine level was 2.7 Umol/l. They also found 
that the higher the initial serum homocysteine level, the 
more sensitive the response to the administered folic acid. 
They concluded that cereal grain fortified with folic acid is 
the most effective, simple, and inexpensive means of 
increasing folic acid consumption in the population, but 
that the level of fortification mandated in the USA (0.14 
mg/100 g) and in the UK (0.24 mg/100 g of flour) is inad- 
equate to reduce the homocysteine level. Wald et al!* ana- 
lyzed the preventive effect of folic acid intake based on 13 
previously published articles. It was observed that the pre- 
ventive effect is greater in women with low serum folate 
(5.0 ng/ml) than in those with a higher concentration 
(10.0 ng/ml) (Table 63.10). The authors commented that 
for young women with a typical background serum folate 


of 5 ng/ml, an increase of 0.4 mg/day folic acid intake 
would increase the serum folate concentration to 8.8 ng/ml 
and reduce the NTD risk by 36%, and an increase of 5 
mg/day folic acid intake would increase its concentration 
to 52.0 ng/ml and reduce the NTD risk by 85%. The 
authors believed that the recommended folic acid intake of 
0.4 mg/day is too low, and that an intake of 5 mg/day 
would be required for a woman planning a pregnancy. 

On the other hand, there are some safety concerns 
related to large-dose folic acid supplementation, such as 
masking of anemia due to vitamin B12 deficiency, thus 
allowing the accompanying neurologic damage to progress 
untreated. Mills et al®° investigated whether B12 defi- 
ciency-induced anemia could be erroneously treated with a 
large amount of folic acid, leading to neurologic symptoms 
such as confusion, paresthesias, and dementia. A total of 
1573 elderly subjects (mean age 67 years) with a low vita- 
min B12 concentration (< 258 pmol/l) were studied. It was 
observed that food fortification did not cause a major 
increase in the masking of vitamin B12 deficiency. They 
concluded that vitamin B12 deficiency without anemia 
probably does not increase despite the current high expo- 
sure to folic acid-fortified food. 

In 2007, Cole et al reported on their randomized clinical 
trial of the efficacy of folic acid supplements (1 mg/day), 
aspirin (81 or 325 mg/day) or both in preventing recur- 
rence of colorectal adenoma.®” They recruited 1021 
patients with a recent treatment history of colorectal ade- 
noma and followed up for 3 to 6 years with colonoscopic 
surveillance cycles. At a second follow-up among 607 
patients, the incidence of at least 1 advanced lesion was 
11.6% for folic acid and 6.9% for placebo, where statistical 
difference was significant (p = 0.05), while the incidence of 
at least 1 colorectal adenoma recurred evenly in both 
groups without significant difference (p = 0.23). The 
authors were cautious to mention that folic acid 1 mg/day 
does not reduce colorectal adenoma risk and that further 
research is needed to investigate the possibility that folic 
acid supplements might increase the risk of colorectal 
neoplasia. Their observations were actually contrary to 
what had been observed in animal experiments®® and in 
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An expected serum folate concentration (ng/ml) and an estimated reduction in NTD risk (%) by taking folic acid 


supplements depicted in the first column 


Expected serum folate concentration & reduction in NTDs (%) 


Amount of folic acid intake 

through diet or supplements 5.0 ng/ml* 10.0 ng/ml* 
0.2 mg/day 6.9 ng/ml & 23% 11.9 ng/ml & 13% 
0.4 mg/day 8.8 ng/ml & 36% 13.8 ng/ml & 23% 
1.0 mg/day 14.4 ng/ml & 57% 19.4 ng/ml & 41% 
3.0 mg/day 33.2 ng/ml & 78% 38.2 ng/ml & 66% 
5.0 mg/day 52.0 ng/ml & 85% 57.0 ng/ml & 75% 


*The initial folate levels of two groups. 


Serum folate concentrations were compared between 51 epileptic mothers and the same number of the control mothers. 


Values of the epileptic group and 7 mothers were significantly lower than those of control mothers at 4 study periods (p < 0.05) 


Subjects Pre-pregnancy 1* trimester 2"4 trimester 3" trimester 
Epileptic mothers (n= 51) 6.2 ng/ml* 4.5 ng/ml* 5.1 ng/ml* 4.3 ng/ml* 
Seven epileptic mothers# 358 238 2T 30 
Control mothers (n= 51) 7.4 WD ed) 6.3 


#Seven mothers of the study group gave birth to newborns with congenital anomalies. *p < 0.05 


epidemiological studies where a higher intake of folate was 
associated with a decreased risk of colorectal polyps and 
cancer.” As long as young women at the reproductive age 
take folate supplements for a short period of time starting 
4 weeks prior to and ending 12 weeks after conception, it is 
safe to say that there will be no adverse effects of folic acid 
on fetal and maternal wellbeing and health. 


One single anti-epileptic drug 
and folic acid supplements 


Although there is no evidence indicating that folic acid sup- 
plementation decreases the risk of AED-induced NTDs, sys- 
tematic supplementation of 2.5-5 mg/day of folate is 
strongly recommended. Hiilesmaa et al observed the out- 
come of drug therapy in 125 women with epilepsy in 
Finland.” Approximately 90% of the women took folate 
supplements at a mean dose of 500 g/day (range 100—1000 
g/day), and 21 congenital malformations that were mild 
and did not include NTDs developed in 133 pregnancies. 
The authors recommended that the best treatment modality 
is to maintain the serum AED level as low as possible, pre- 
scribe 500 g/day folic acid, prescribe one single drug 
as monotherapy where valproate should be preferably pro- 
hibited as the first-line treatment, and monitor the serum 


concentrations of AED and folate. Ogawa et al?! clearly 
demonstrated that individuals who were on daily AEDs 
exhibited a significantly decreased serum folate concentra- 
tion. The authors quantified serum folate concentrations in 
51 epileptic pregnant women and 51 matched control preg- 
nant women (Table 63.11). Of the epileptic women, 7 deliv- 
ered 7 newborns with variable congenital anomalies, i.e., 
spina bifida, Down syndrome, cleft lip, patent ductus arte- 
riosus, pilonidal sinus, retention testis, and strabismus. The 
folate concentrations of the 51 epileptic women including 
the 7 women were significantly lower than those of the con- 
trol group at prepregnancy and throughout pregnancy peri- 
ods (p < 0.05), thereby implying that AEDs decreased the 
serum folate level by suppressing the absorption of folic acid, 
thereby increasing the risk of congenital anomalies. 

The pharmacotherapy guidelines for women of childbear- 
ing age or those planning to conceive have been reported 
by Tettenborn.” The guidelines include (1) counseling 
about contraception and pregnancy well before concep- 
tion, (2) administering optimized monotherapy to obtain 
the lowest possible dose to achieve satisfactory seizure con- 
trol, (3) prescribing 2.5-5 mg folic acid daily, (4) fetal 
monitoring with high-resolution ultrasonography before 
week 20 and measurement of serum alpha-fetoprotein 
level where amniocentesis is not routinely required, and 
(5) encouraging breastfeeding regardless of the treatment 
administered. 
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Awareness of folic acid 


In the Netherlands, a mass media campaign started in 1995 
was of great success in increasing awareness about pericon- 
ceptional use of folic acid tablets. De Walle et al???” 
reported that the proportion of pregnant women who were 
aware of folic acid increased from 28% before the cam- 
paign to 78% after 3 years, and that the proportion of 
women who used folic acid during any period of their 
pregnancy increased by 8% to 63%. We advocate the rec- 
ommendation of Bekkers and Eskes” that collaboration 
among mass media, healthcare professionals, and govern- 
mental authorities is essential because mass media is the 
main source of educating the general public. The use of 
mass media sources such as television, radio, newspapers, 
and journals enables the transfer of information to not 
only young and/or pregnant women but also to healthcare 
workers. Health education programs are another means to 
promote the role of folic acid and the benefits of the peri- 
conceptional use of folic acid tablets. Presently, in Japan, 
few programs that emphasize the pivotal link between folic 
acid and NTDs or programs that propagate the preventive 
effects of folic acid on NTDs are available. Such programs 
should be initiated in the junior high school years, that is, 
much before young women conceive. 

In Japan, we have been monitoring pregnant women 
with regard to their awareness about folic acid and folic acid 
supplementation, and their health-related behaviors during 
the past 5 years.” Pregnant women were randomly 
recruited at the Obstetrics-Gynecology clinics of 30 hospi- 
tals in Honshu or Kyushu Island; 770 women were recruited 
in 2002, 823 in 2003, 1467 in 2004, 1359 in 2005, and 1247 
in 2006. Figure 63.6 indicates that rates of awareness regard- 
ing folic acid and rates of supplementation were initially 
very low (15% and 9%, respectively, in 2002); however, 
these rates steadily increased year after year, and, in 2006, 
these rates were 32% and 35%, respectively. Figure 63.7 
illustrates lifestyle changes in pregnant women during the 
past 5 years. The proportion of pregnant women consum- 
ing well-balanced diets varied from 68% to 84%, while that 
of pregnant women who did not smoke or drink ranged 
from 91% to 97% during the past 5 years. It is reported that 
smoking and drinking are considerably more prevalent in 
their counterparts in the USA and UK; in the USA the 
prevalence of maternal smoking and drinking was 9-17% 
and 3-10%, respectively, and in the UK the prevalence of 
smoking and drinking during pregnancy was 17% and 
61%, respectively.**°” Awareness about the role of pericon- 
ceptional intake of folic acid was assessed in 10 groups of 
subjects”? by the use of postal questionnaires from 
December 2002 to March 2003 in Japan (Figure 63.8). The 
10 groups were as follows: group 1 comprised 500 female 
citizens aged 20—49 years who were randomly selected from 
the National Register of Komaki City; group 2, 1692 moth- 
ers who gave birth to their live children in 2001 in the Tokai 
district; and group 3, 250 female myelodysplastic patients 
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Figure 63.6 
The proportion of pregnant women who were aware of the role of 
folic acid and took folic acid supplements increased year after year. 


aged over 18 years and 250 mothers who delivered a 
myelodysplastic child during the past 6 years. The subse- 
quent 7 groups were consistent with healthcare profession- 
als: 1858 nurses, 400 general practitioners (GPs), 400 
urologists, 400 pharmacists, 147 midwives, 400 dietitians, 
and 400 obstetricians-gynecologists (OB/GYNs); these were 
randomly selected from their membership directories. The 
response rate ranged from 32% to 59%. Awareness varied 
greatly depending on the group. Less than 15% of laymen 
groups were aware of a linkage between folic acid and 
NTDs. The exception was the myelodysplastic families, 92% 
of whom had knowledge of the role of folic acid, that was 
obtained through newsletters issued from their patient 
association. Regarding the healthcare professionals, fewer 
than 30% of nurses, GPs, and urologists were aware of folic 
acid, while over 40% of pharmacists, midwives, dietitians, 
and OB/GYNs showed adequate awareness, with the high- 
est awareness of 76% among the OB/GYNs. 

We extended our research in terms of the international 
awareness of the role of folic acid.’ A questionnaire was 
dispatched to OB/GYNs and urologists residing in Japan, 
South Korea, Taiwan, USA/Canada, and Europe/Oceania 
by post or email. The questionnaire inquired about their 
knowledge of the role of folic acid and their views on the 
lifestyle of young women of childbearing age. The investi- 
gation was conducted between December 2002 and 
November 2004. Figure 63.9 illustrates that an average of 
91% of OB/GYNs and 56% of urologists were aware of the 
role of folic acid, and that the proportion of urologists in 
Asia who knew the relationship between folic acid and 
NTDs was significantly lower than that of urologists in the 
Occident. It can be stated that the awareness among 
OB/GYNs is much higher than that among urologists. 

AEDs have been generally prescribed by neurosurgeons, 
neurologists, and psychiatrists in Japan. Their knowledge 
on the possible adverse effects of AEDs in pregnant women 
(Figure 63.10) was investigated by questionnaire in 2006.” 
A total of 400 neurosurgeons, 300 neurologists, and 300 
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psychiatrists were randomly chosen and their response 
rates were 31%, 43%, and 37%, respectively. An average of 
47% (range 30-61%) of doctors knew the important role 
played by folic acid; nevertheless, 89% (range 84-94%) of 
the doctors correctly recognized the correlation between 
AEDs and congenital anomalies such as myelodysplasia. A 
mean of 83% (range 74-90%) of the doctors responded 
that they would reduce the dose of AEDs, decrease the 
number of AEDs, or prescribe folic acid tablets when their 
patient conceives or plans to conceive. 


Economic benefits of 
fortification 


The economic burden of spina bifida in the USA was calcu- 
lated in 1989; at that time in the USA, 1500 infants with 
spina bifida were born each year and more than 1000 were 
expected to survive into childhood.’” It was reported that 
the average annual cost for medical and surgical care for all 
these surviving children would approach $100 million and 
that an individual with typical severe spina bifida would 
require $250000 as lifetime expenses, which would com- 
prise direct (medical and surgical care, long-term care, dis- 
ability management, and education) and indirect costs 
(survivor productivity effects and loss of parental income). 
In 1993, the Food and Drug Administration’” performed a 
cost-benefit analysis for food fortification with folic acid at 
140 ug/100 g and estimated that the net monetary benefit 
would be $651 to $788 million per year. Romano and asso- 
ciates from California!” analyzed the economic benefit of 
fortifying cereal grain with folate prior to the release of the 
USA government fortification mandate. Under a range of 
assumptions about discount rates based on the aggregate 
cost in dollars, baseline folate intake, effectiveness of folate 
in preventing NTDs, threshold dose that minimizes risk, 


Neurosurgeons Neurologists HG Psychiatrists 


treatment of young women who plan to 
conceive. 


and cost of surveillance, they predicted a benefit of $94 mil- 
lion with low-level folate fortification (140 ug/100 g grain) 
and of $252 million with high-level folate fortification (350 
ug/100 g grain). After 10 years, the same group of authors'™ 
re-evaluated the benefits of folic acid fortification, because 
they observed a greater decline in the NTD rates than that 
predicted before fortification. Their new estimate was that 
the annual economic benefit of $312 million to $425 mil- 
lion was associated with folic acid fortification together 
with a net reduction in the direct cost to the patients rang- 
ing from $88 million to $145 million per year. It is thus 
quite obvious that fortification of grain products saves $400 
to $500 million each year in the USA. Governments that 
have not mandated food fortification with folic acid should 
seriously consider programs similar to those in the USA or 
UK in order to reduce the prevalence of infants with NTDs 
and to reduce the economic burden. 


The practical guideline for 
obstetricians and 
gynecologists 


The Society of Obstetricians and Gynaecologists of Canada 
recommended a practical guideline to prescribe folic acid 
to women of reproductive age." The guidelines comprise 
the following points: 


1. Pregnant women should be advised to maintain a 
healthy nutritional diet. 

2. Women at no risk of NTD should be prescribed a daily 
multivitamin containing 0.4-1.0 mg folic acid. 

3. Women at intermediate or high risk for NTD should be 
prescribed 4-5 mg/day folic acid; in such cases the sup- 
plement should contain folic acid alone and should not 
be in a multivitamin form so that the risk of excess 
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intake of other vitamins such as vitamin A can be 
avoided. 

4, Signs or symptoms of vitamin B12 deficiency should be 
considered before initiating folic acid supplementation 
of doses greater than 1.0 mg/day. 

5. Pregnant women should be advised to undergo serum 
triple marker screening at 15 to 20 weeks, ultrasound at 
16 to 20 weeks, and amniocentesis after 15 weeks only 
when the positive screening test is present. 


Prenatal diagnosis of spina 
bifida 

In the 1970s, it became apparent that a fetus with an open 
NTD has increased levels of maternal serum alpha-feto- 
protein (MSAFP). Since then, the combination of MSAFP 
and imaging examinations such as ultrasound (US) and 
magnetic resonance imaging (MRI) has become the major 
diagnostic modality for detecting NTDs.'® In many coun- 
tries, screening of MSAFP for NTDs is routinely performed 
during pregnancy at 16-18 weeks of gestation. In the low- 
risk pregnancies, MSAFP measurement can detect 80-90% 
of fetuses with NTDs. The result of MSAFP measurement 
is expressed as the multiple of the median (MoM), and 
cases with over 2.5 times MoM are regarded to be at risk of 
this anomaly. Positive findings of either MSAFP plus US or 
MSAFP plus MRI can be followed by amniocentesis, 
detailed US, or both. When amniocentesis is performed, 
amniotic fluid alpha-fetoprotein (AFP) and acetyl- 
cholinesterase concentrations can be used as a marker to 
confirm the presence of open spina bifida and to differen- 
tiate open ventral wall defects, such as gastroschisis and 
omphalocele, from open NTDs. Additionally, the fetal 
karyotype can be examined to rule out chromosomal 
anomalies. When spina bifida is definitely diagnosed, spon- 
taneous leg and foot motions, leg and spine deformities, 
the presence of Chiari II malformation, and other physical 
defects should be evaluated by US.'° Both US and MRI 
will easily reveal anomalies of myelomeningocele. Excellent 
detail and soft-tissue resolution can be obtained with MRI, 
but US is probably more accurate in determining the level 
of the defect and the termination of the neural placode; 
thus, the two modalities are complementary. Persson 
et al!” assessed the clinical effectiveness of fetal US com- 
bined with semiquantitative measurements of the MSAFP 
level for the early detection of NTDs and omphalocele in 
10 147 pregnancies. They reported that 8 out of 10 cases 
with malformations were detected when both the modali- 
ties were used simultaneously. However, if the screening was 
performed with either US or AFP alone, only 4 or 7 malfor- 
mations were identified, respectively. In the 1990s, a new 
technology of three-dimensional and four-dimensional 
brain ultrasonography was developed; though this new 


technology has obvious advantages over the conventional 
one, the highly expensive machine prevents its introduc- 
tion as a standard diagnostic procedure. ° 


Alpha-fetoprotein 


AFP is a glycoprotein with a molecular weight of approxi- 
mately 70 000 and is produced as early as 5 weeks’ gestation 
by the embryonic yolk sac. The fetal liver and gastrointesti- 
nal tract become the main source of AFP production after 
11 weeks of gestation.!!!° The highest concentration of 
AFP is found in the fetal blood, followed by the amniotic 
fluid, and maternal blood. Alpha-fetoprotein is believed to 
enter the maternal blood by diffusion through the placen- 
tal membranes and deciduas.''’ The MSAFP concentration 
increases throughout pregnancy, stabilizing at approxi- 
mately 30 weeks’ gestation; its peak level in the amniotic 
fluid occurs at 14 postmenstrual weeks. Because of this 
non-correspondence in the timing of the maximum AFP 
level in the maternal serum and amniotic fluid, knowledge 
about the accurate fetal age is indispensable.'!* In the case 
of an NTD-afflicted fetus, the amount of AFP transferred 
to the amnion from the fetal circulation also increases. 
Brock et al!!? first reported in 1973 that the MSAFP mea- 
surement was useful for detecting anencephaly in pregnant 
women. Wald et al''* further observed that spina bifida and 
anencephaly could be identified based on the elevated 
MSAFP. The first large population-based study on MSAFP 
was reported from the UK in 1977; this study investigated 
18 684 singleton pregnancies and 163 twin pregnancies 
without fetal NTDs, and 301 singleton pregnancies with 
fetal NTDs.!° At 16-18 weeks of pregnancy, 88% of cases of 
anencephaly, 79% of cases of open spina bifida, and 3% of 
cases of unaffected singleton pregnancy exhibited AFP lev- 
els equal to or greater than 2-5 times the MoM. The results 
indicated that screening women by MSAFP measurement 
is effective in selecting women for US and amniocentesis. 
Milunsky and Alpert!" offered MSAFP screening to 
21000 nondiabetic and 442 diabetic pregnant women with 
apparently normal pregnancies. They observed that detec- 
tion rates before 24 weeks of gestation were 86% (12/14) 
for anencephaly, 63% (5/8) for open and closed spina 
bifida, and 100% (1/1) for encephalocele. A raised MSAFP 
level was observed in 10 of the 442 diabetic women; 4 of 
these 10 women were carrying a fetus with an open NTD. 
Nevertheless, the authors expressed a strong caution 
against the use of MSAFP screening outside an established 
program coordinating the expertise of obstetricians, clini- 
cal geneticists, ultrasonographers, and laboratory staff. A 
cost-benefit analysis of MSAFP screening is an important 
issue because a large number of women are willing to 
undergo the test. Layde et al''® considered the economic 
consequences of MSAFP screening coupled with US and 
amniocentesis, which were indicated in a hypothetic 
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cohort of 100000 pregnant women at a risk of having an 
affected fetus and who would elect to terminate their preg- 
nancies if a malformed fetus were detected. The total cost 
of the program to screen 100000 such women was calcu- 
lated to be $2047 000, or slightly over $20 per woman 
screened, and the total economic benefits exceeded 
$4 000 000. Prenatal screening with MSAFP is being widely 
employed in most developed countries, although ethical 
problems related to AFP screening and termination of the 
affected fetuses remain to be solved and have been disputed 
in several countries. 

The relationship between the amniotic fluid AFP and 
the occurrence of NTDs was evaluated by the second 
report of the UK Collaborative Study in 1979.'!” Data on 
13 105 singleton pregnancies without fetal NTDs and on 
385 pregnancies with fetal NTDs were accumulated. By 
using different cut-off levels at different gestational ages, 
such as 2.5 times the median value at 13—15 weeks, 3 times 
at 16-18 weeks, 3.5 times at 19—21 weeks, and 4 times at 
22-24 weeks, 98% of spina bifida (120/123) and 98% of 
anencephaly (218/222) cases exhibited positive findings, 
while the false positive rate was only 0.48% (61/12 804 
pregnancies) in unaffected singleton pregnancies. 
Although the amniotic fluid AFP level exhibits a very high 
detection rate of NTDs, the sampling procedure is not only 
invasive but also harmful to some mothers and fetuses. 
Subsequently, amniocentesis has not prevailed as a screen- 
ing technique in the low-risk group of women. 


Ultrasound 


It has been widely accepted that the diagnostic accuracy of 
US is excellent in pregnancies at a high risk of NTDs. 
Robbin et al'!® reported an adjunctive role of targeted 
sonography when elevated levels of amniotic fluid AFP 
(AF-AFP) were detected. From 1978 to 1990, the authors 
performed amniocentesis in 22 356 patients because of 
advanced maternal age, history of NTDs and chromosomal 
anomaly, and abnormal values of MSAFP. A total of 263 
cases with an elevated AF-AFP of more than 2 MoM were 
examined by sonologists with knowledge that the patient 
was at increased risk for NTDs and other defects. 
Sonography correctly diagnosed 84 of 89 cases with anom- 
alies (sensitivity of 94%) and identified anomalies in none 
of 174 patients (specificity of 100%). As for NTDs, US was 
powerful in depicting all the 32 cases (sensitivity and speci- 
ficity are both 100%). Although amniocentesis carries a 
0.7% risk of pregnancy loss, the authors believe that AF- 
AFP analysis followed by detailed US is highly successful 
for the detection of anomalous fetuses and the recognition 
of normal fetuses. 

Since there is a definite risk related to amniocentesis, one 
should carefully evaluate the risk of the procedure against 
the additional information that would be provided. Nadel 


Figure 63.11 

(Case 1) Transverse fetal ultrasonography of myelomeningocele 
at 31 weeks of gestation. A 78 mm x 68 mm ballooned cyst (@) is 
connected to the spine (#). 


et al'!? discussed whether amniocentesis is necessary for 
those with elevated MSAFP by evaluating data from the 
Malformation Surveillance Program at Brigham and 
Women’s Hospital. The authors found 198 pregnancies 
affected with spina bifida, encephalocele, gastroschisis, or 
omphalocele that ended in delivery or voluntary termina- 
tion from 1984 to 1990. Of the 198, 51 underwent sonog- 
raphy between the 16th and 24th weeks of gestation at their 
facility with experienced sonologists with sophisticated 
machines, i.e., level 2 scans. All the pregnancies were cor- 
rectly diagnosed in the first evaluation in comparison with 
clinical or autopsy findings with a sensitivity of 100% 
(95% confidence interval: 94 to 100%), while there were no 
false negative results. Since there is considerable overlap 
between MSAFP values in normal pregnancies and in preg- 
nancies affected with malformations, the likelihood that a 
patient with an elevated level of MSAFP is carrying an 
affected fetus is low. The authors calculated likelihood 
ratios based on previous published data, and suggested that 
the likelihood of one of these anomalies in a fetus whose 
mother had, for instance, an MSAFP of 3.0 times MoM is 
less than 0.07% if she had normal findings with the level 2 
US scan. The authors recommended that women with ele- 
vated MSAFP be assessed with the level 2 US. If the scan is 
normal, the parents can be counseled that the risk of an 
anomaly is low and can make an informed decision about 
whether to proceed with amniocentesis. 

With fetal growth, myelomeningocele is observed as a 
cystic tumor attached to the spine (Figures 63.11 and 
63.12), as an abnormal alignment, or as separation or 
defect of the vertebral arch (Figure 63.13). Establishing a 
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Figure 63.12 

(Case 2) Sagittal spine ultrasonography in a fetus with spina 
bifida at 30 weeks of gestation. An echogenic cyst, indicated by 
arrows, is located at the caudal end of the spine. 


Figure 63.13 

(Case 2) Transverse ultrasonography of the spine at the affected 
spine level. A cyst is indicated with short arrows, while a long 
arrow indicates the urinary bladder. 


diagnosis is somewhat difficult when the fetus has 
myeloschisis or a small myelomeningocele. Furthermore, 
since the vertebral arch is not closed until 15 weeks of gesta- 
tion, i.e., physiologic spina bifida, it is not easy to precisely 
detect spina bifida before 22 weeks’ gestation. On the other 
hand, the observation of ventriculomegaly or microcephalus 


Figure 63.14 

(Case 2) Fetal head ultrasonography at the biparietal diameter 
level. The lateral ventricle indicated with arrows is moderately 
dilated. 


on the fetal cranium would often suggest the presence of 
NTDs. Figure 63.14 illustrates a fetal head sonography of 
the patient in Figure 63.12 at the biparietal diameter level. 
The lateral ventricle is moderately dilated; the ratio of the 
lateral ventricle width to the hemispheric width (LVW/HW) 
is 0.43 where the normal ratio ranged from 0.22 to 0.37 
with a mean of 0.3.'° 

There are two significant cranial and cerebellar signs in 
spina bifida: the lemon sign and the banana sign (Figure 
63.15). Nicolaides et al’?! retrospectively reviewed the 
records of 70 fetuses referred to their unit at 16-23 weeks of 
gestation, and identified two prominent imaging signs. 
Firstly, the lemon sign, presenting as scalloping of the frontal 
bones, was observed in all 54 cases of open spina bifida 
wherein images were obtained at the level of the biparietal 
diameter (BPD). The Arnold—Chiari II malformation 
observed in open spina bifida may be attributed to tether- 
ing of the spinal cord at the site of the lesion, with the 
downward displacement of the brain as the fetus grows. 
This movement reduces the contents of the cranium and 
leads to a decrease in the BPD and head circumference, 
resulting in the lemon sign. This sign is observed at the 
biparietal level (Figure 63.16) until 24 weeks of gestation in 
90-100% of cases of open spina bifida. Secondly, the banana 
sign, presenting as the anterior curvature of the cerebellar 
hemispheres and obliterated cisterna magna, was observed 
in 12 of 21 fetuses for whom suboccipital bregmatic views 
were obtained. The abnormal shape of the cerebellar hemi- 
sphere resembles that of the banana. In 8 of the 21 cases the 
cerebellum could not be seen, and 1 case exhibited normal 
cerebellar hemispheres. Neither the lemon sign nor the 
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Figure 63.15 
Schematic representation of the lemon sign and the banana 


sign. Reprinted with permission from Elsevier (The Lancet 
1986; 2: 72-4). 


banana sign was observed in 100 control fetuses. Because an 
anteriorly pointed configuration of the cerebellar hemi- 
sphere is present in Arnold—Chiari II malformation, down- 
ward traction on the cord may force the cerebellum to wrap 
around the brainstem, thus creating the banana sign. The 
presence of fetal microcephaly, ventriculomegaly, the lemon 
sign, the banana sign, and absent cerebellum should alert 
the ultrasonographer to the possibility of open spina bifida 
and encourage a detailed examination of NTDs. 

Campbell et al” prospectively assessed cranial and cere- 
bellar ultrasound markers of open spina bifida in 436 
fetuses referred during 16-23 weeks’ gestation. Of these, 26 
fetuses (6%) had open spina bifida, 14 (3%) had major 
structural anomalies, and the remaining 396 (91%) were 
identified as normal fetuses. The authors reported that the 
sensitivities of the lemon sign and banana sign/absent cere- 
bellum were 100% and 99%, respectively, and that the 
specificities were 99% and 100%, respectively. Benacerraf 
et al'” evaluated the usefulness of the banana sign in 23 
fetuses with NTDs and 38 control fetuses. They observed 
the banana sign in 22 of the 23 NTD-affected fetuses 
(96%), but none in the control fetuses. They mentioned 
that this sign is an indirect sign of open spina bifida in 
cases where the sonographic detection of NTDs is difficult. 
Van den Hof et al'”’ evaluated the presence of the lemon 
and banana signs in 130 fetuses with open spina bifida and 
found a relationship between gestational age and the pres- 
ence of these markers. The lemon sign was present in 98% 
of the fetuses of less than or equal to 24 weeks’ gestation, 
but in only 13% of the fetuses of more than 24 weeks’ ges- 
tation. The cerebellar abnormality was present in 95% of 
fetuses irrespective of their gestational age. However, the 
banana sign (72%) was predominant at less than 24 weeks’ 
gestation, while the ‘absence’ of the cerebellum (81%) was 
the predominant sign at more 24 weeks’ gestation. 

Boyd et al?! reported a large population-based study 
concerning prenatal diagnosis of spina bifida by US and 
biochemical screening. During a 30-month study period, 
670766 deliveries occurred in 18 congenital malformation 


Figure 63.16 

(Case 3) Head ultrasonography at the biparietal diameter level at 
32 weeks of gestation in a spina bifida case. The lemon sign at 
the frontal bones is illustrated with two arrows. 


registers from 11 European countries. An NTD was diag- 
nosed at delivery in 542 cases, i.e., at a rate of 0.81 per 1000 
deliveries. Of the 542 cases, the lesion was isolated in 84% 
of cases: 252 cases of spina bifida, 166 cases of anencephaly, 
and 35 cases of encephalocele were diagnosed prenatally 
(Table 63.12). The accuracy of prenatal diagnosis was 68%, 
96%, and 60%, respectively. It is to be noted that the mean 
reduction in birth prevalence of spina bifida due to termi- 
nation of pregnancy was 47%; the largest reduction was 
attained in France (91%) and UK (83%) centers, and the 
lowest reduction was found in Lithuania (6%). It is 
observed that routine US scans obtained at 18-22 weeks 
are significantly more effective than no routine US to iden- 
tify anencephaly (85% vs 97%) and spina bifida (47% vs 
71%), and that AFP or triple test screening is also signifi- 
cantly more valuable than no biochemical screening to 
diagnose spina bifida (52% vs 87%). The authors con- 
cluded that (1) US was an effective tool for the prenatal 
detection of NTDs because the detection rate of spina 
bifida was not as high as that of anencephaly, (2) there was 
a wide variation between centers with regard to the prena- 
tal detection rate (33-100%), rate of termination of prena- 
tally diagnosed abnormal pregnancies (17—100%), and 
gestational age at both diagnosis and termination of preg- 
nancy, and (3) this variation may reflect the different poli- 
cies and cultural differences between countries. 

Chan et al!*‘ reported that the sensitivity of US screening 
for spina bifida increased with the level of risk in preg- 
nancy: 60% in low-risk pregnancies, 89% in high-risk preg- 
nancies, and 100% in women referred for the confirmation 
of spina bifida, and that US screening for NTDs achieved a 
higher level of sensitivity with an MSAFP program in place. 
Norem et al! compared the clinical value of MSAFP 
screening with that of US in the diagnosis of NTDs among 
219000 consecutive pregnancy outcomes. They detected 
189 NTD cases, 102 of which had undergone MSAFP 
screening. However, the outcome of MSAFP was negative in 
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Isolated spina bifida was found at delivery in 252 of 542 cases with NTDs. A total of 68% of the 252 were prenatally 


diagnosed by ultrasonography and 47% of pregnancy was terminated 


Termination of 


pregnancy 
Congenital malformation Prevalence Number of Prenatally 

centers/Country per 1,000 births cases diagnosed (%) n % 
Austria 0.21 6 83 1 17 
Croatia 0.47 60 2 40 
Denmark 0.68 6 50 1 17 
France (2 centers) 0.37 22 80—100 20 80—100 
Germany (2 centers) 0.81 i5 70-80 5 20-60 
Italy (3 centers) 0.21 41 60-83 28 20-78 
Lithuania 0.63 63 38 4 6 
Spain (2 centers) 0.48 12 63-75 6 50 & 50 
The Netherlands (2 centers) 0.6 14 33-58 4 8-25 
UK (2 centers) 0.52 36 96—100 30 82-88 
Ukraine 0.49 22 82 17 77 
Total 0.45 252 68 118 47 


25 of the 102 cases (25%) and the correct diagnosis would 
have been missed without other screening tests. Of the 186 
NTD cases diagnosed prenatally, 115 (62%) were initially 
detected by routine US, 69 (37%) were diagnosed by tar- 
geted US after MSAFP had indicated a higher risk for NTD, 
and 2 (1%) were diagnosed by pathologic examination after 
miscarriage. The authors concluded that routine second- 
trimester US was more efficient in detecting an NTD. Dashe 
et al!”° assessed the efficacy of MSAFP screening and stan- 
dard US scan for detecting NTD in one institution. They 
detected 66 NTDs, 1 per 950 deliveries, and the sensitivities 
of MSAFP and US were 65% and 100%, respectively. The 
authors mentioned that standard US improved the NTD 
detection rate over MSAFP screening alone, and this obser- 
vation was in general accord with previous reports. 

Briefly, US at the second trimester is superior to MSAFP 
measurements in terms of identifying NTDs and should be 
the first-line screening tool for pregnant women. 


Magnetic resonance imaging 


Prenatal MRI is a useful diagnostic tool to detect the details 
of fetal anomalies, and its use would lead to the diagnosis of 
spina bifida and placental abnormalities with great accu- 
racy.'?” In 2003, Aaronson et al! compared transabdomi- 
nal US and fetal MRI with regard to the level of occurrence 
of myelomeningocele in the first 100 fetuses who under- 
went intrauterine myelomeningocele repair. They reported 
that the findings at prenatal MRI and US were equally accu- 
rate with regard to the assignment of the myelomeningocele 
level in a fetus. In 2000, Tortori-Donati et al!” reviewed the 


neurologic features of spinal dysraphism and correlated 
them with clinical findings. A series of 986 patients were 
diagnosed and imaged with MRI at their spina bifida center 
over a 24-year period. They divided spinal dysraphism into 
open and closed forms. An open spinal dysraphism (OSD), 
comprising 353 children (36%), is a condition wherein the 
neural elements and/or their coverings are exposed through 
a bone defect and are not covered with skin. OSD was sub- 
divided into two major diagnoses: myelomeningocele and 
myelocele. The Arnold—Chiari II malformation is always 
accompanied by OSD, and is a complex congenital anomaly 
of the hindbrain, characterized by a posterior cranial fossa 
that is smaller than normal, accompanied by the caudal dis- 
placement of the vermis, brainstem, and fourth ventricle. A 
closed spinal dysraphism (CSD), comprising 633 children 
(64%), is a condition wherein the neural elements and/or 
their coverings are covered with skin and is more heteroge- 
neous than OSD. Some of these lesions are not clinically 
evident at birth, and parents with these lesions may seek 
medical attention when complications such as tethered cord 
syndrome ensue later in infancy. Physicians and surgeons 
should not refrain from careful examination of the chil- 
dren’s back as this leads to a correct diagnosis. In most cases, 
the mass was located at the lumbosacral level and a subcu- 
taneous mass represented 18.8% of CSD cases in their series 
(119 cases). 

Figure 63.17 demonstrates a small cyst located at the 
lower lumbosacral spine in sagittal T2-weighted MRI. 
Figure 63.18 shows separation of the vertebral arch in the 
middle and myelomeningocele protruding to the body sur- 
face in transverse MRI. In 2006, Wang et al!°° assessed the 
use of MRI in 34 women with complicated pregnancies at 
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Figure 63.17 

(Case 2) Sagittal T2-weighted fetal MRI at 30 weeks of gestation 
illustrates myelomeningocele. A cystic lesion consistent with a 
high signal intensity area is shown with an arrow at the sacral 

spine. The lung (#) is also clearly shown. 


a mean of 30 weeks of gestation. MRI was performed 
within 24 hours after US scan. The intracranial and spinal 
cord malformations were shown more clearly on T2- 
weighted MRI images than on T1-weighted images. MRI 
corrected the diagnosis of US in 10 cases (29%), and the 
diagnosis was missed in 1 case (3%). The authors consid- 
ered MRI superior to US in terms of assessing the fetal cen- 
tral nervous system (CNS) in detail; however, in 
complicated pregnancies, MRI would be supplemental to 
US. Prenatal MRI has the advantage of better detection of 
associated CNS and non-CNS anomalies, which may have 
an impact on prognosis. Ultrafast T2-weighted sequences 
are useful for the prenatal detection of fetal CNS anom- 
alies. It is important for an obstetrician to comprehend the 
fetal CNS condition in the uterus, and the findings thus 
obtained would lead to appropriate obstetric management. 

From 1997 to 2004 in Miyazaki Medical College in 
Japan, one of us (SK) assessed the use of fetal MRI in 
patients with suspected hydrocephalus. There were 2042 
deliveries during the period, 30 (1.5%) of which had been 
suspected of having hydrocephalus by US and subse- 
quently underwent MRI examination. Of the 30 fetuses, 
MRI identified hydrocephalus in 24 (80%): 8 cases with 
Chiari II malformation with myelomeningocele, 5 cases 


Figure 63.18 

(Case 2) Transverse MRI of the fetal trunk at the affected spine 

level. The vertebral arch is separated (two arrows) and a cystic 

lesion (@) is illustrated on T2-weighted sequences. The urinary 
bladder (#) is shown in the middle. 


with enphalocele, 5 cases with agenesis of corpus callosum 
(ACC), 2 cases with Dandy—Walker syndrome, 2 cases with 
stenosis of aqueductus cerebri, and 2 cases with poren- 
cephaly. Four cases suffered from agenesis of corpus callo- 
sum and the remaining 2 were normal. Postnatal MRI 
findings were consistent with the antenatal findings. Figure 
63.19 reveals dilated lateral ventricles in T2-weighted fetal 
MRI, suggesting the presence of spinal dysraphism. Sagittal 
T2-weighted MRI (Figure 63.20) illustrates the smaller and 
tighter posterior cranial fossa, implying the descent of the 
cerebellum into the spinal cavity in Chiari II malformation 
together with a small cyst of the spinal canal in the sacrum. 

In 2000, Simon et al’?! prospectively performed MRI tests 
in 73 fetuses with suspected CNS abnormalities and com- 
pared these with the available fetal US, postnatal images, 
and clinical examinations. They reported that 24 of 52 cases 
(46%) exhibited MRI findings that were different from the 
US findings. The referring physicians believed that MRI 
provided a measure of confidence that was valuable for 
counseling patients and for taking more informed deci- 
sions. Levine et al"? assessed 214 fetuses using both US and 
MRI. US findings were normal in 69 and abnormal in 145, 
while MRI imaging findings changed the diagnosis in 46 of 
the 145 fetuses with abnormal US observations. Since ther- 
apeutic choices or management decisions often rely on an 
exact diagnosis, MRI is an important test for decreasing 
ambiguity in the counseling of expectant parents when 
questionable abnormalities are visualized on US but the 
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Figure 63.19 

(Case 3) Dilated lateral ventricles are shown with arrows in 
T2-weighted sequences of MRI at 25 weeks of gestation. The lung 
(#) and the placenta ($) are also illustrated. 


exact diagnosis is not obtainable. Briefly, US scan is inex- 
pensive and remains the mainstay for diagnosis of NTDs. 
On the other hand, MRI of the fetal CNS is evolving as a 
powerful tool for obtaining additional information with 
which selected patients and their healthcare professionals 
can make decisions and execute important pregnancy man- 
agements. MRI and US are complementary, noninvasive 
imaging methods in the evaluation of high-risk pregnancy. 


Summary 


Primary prevention of NTDs by periconceptional intake of 
folic acid is a major public health opportunity and has a 
wide implication in reducing both mortality and morbid- 
ity due to congenital anomalies. Women who plan to con- 
ceive should be informed about the important role of folic 
acid in the development of a fetus; about avoiding expo- 
sure to environmental hazards, including a variety of med- 
ications; and about taking folic acid supplements in 
addition to a well-balanced diet. Once pregnancy is con- 
firmed, conventional prenatal screening with ultrasound 
and MSAFP should be performed. In case of suspected 


Figure 63.20 

(Case 3) Sagittal T2-weighted imaging shows the dilated lateral 
ventricle (@), the spinal cord (small arrows), and a small cyst at 
the sacrum (a larger arrow). The fetal leg (#), the amniotic cavity 
($), and the maternal urinary bladder (8) are also illustrated. 


fetal malformation, MRI and/or targeted US with/without 
amniocentesis should be indicated; the findings thus 
obtained should help decrease ambiguity and increase 
accuracy on fetal abnormalities. We totally agree with 
Swash'*? in the management of neural tube defects that 
‘prevention is better than cure’. 
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Initial management of meningo-myelocele 


children 


Stuart B Bauer 


First impressions 


The urologic management of the newborn with myelodys- 
plasia ideally begins shortly after the child is born and 
identified with a spinal abnormality. It is important to 
evaluate babies this early for a number of reasons. 
Knowing when the child voided after birth and whether or 
not he (she) can empty the bladder before any corrective 
spinal surgery is undertaken gives the clinician a clue 
regarding potential changes in lower urinary tract func- 
tion, once surgery has been performed. Combined with a 
renal and bladder ultrasound, an examination of the lower 
extremities and a look at the anus completes this initial 
assessment. Unfortunately, reality is not always compatible 
with utopia. The children are often sequestered and then 
whisked off to the operating room for spinal canal closure 
within the first 24 hours of life. Rarely is the initial closure 
postponed beyond 48 hours unless there are mitigating cir- 
cumstances that warrant a delay. Thus, the urologist is left 
with consulting on the child a variable period of time after 
the newborn closure of the meningocele. Consequently, 
one is not sure what further neurologic injury might have 
occurred with surgical correction. There has been only one 
study addressing the findings of urodynamic studies in 
babies performed both before and after spinal canal clo- 
sure; fortunately, those investigators found only a 3.2% 
incidence of change following correction of the spinal 
defect in 30 newborns studied.’ Whether or not this repre- 
sents a true picture of what might transpire is impossible 
to say. Spinal shock and a transient inability to empty the 
bladder lasting as long as 1 month may be seen in up to 
10% of newborns. Given this limitation and the unlikeli- 
hood of altering this practice in the near future, we are left 
with the notion that the chance of a neurologic injury, 
either transient or permanent, is small as a result of the 
newborn closure. 

Practically speaking, the initial evaluation generally 
occurs on day 2 or 3 of life. The most important concern at 
this time is ‘can the child empty his or her bladder and at 
what pressures to insure a normal upper urinary tract?’ 


The best way to answer part one of the question is with a 
postvoid residual urine measurement by catheterizing the 
bladder immediately after the infant has leaked urine or 
voided spontaneously. If the residual is high (above 5 ml) a 
repeat measurement is undertaken following a Credé 
maneuver a few hours later and, if that volume is again ele- 
vated, either clean intermittent catheterization (CIC) or 
continuous Foley catheter drainage system is initiated. CIC 
is continued every 4 hours. Sometimes, the neurosurgeon 
has placed a Foley catheter at the time of closure, but this 
has not been uniformly practiced. As mentioned, spinal 
shock and transient detrusor areflexia following closure is 
a real phenomenon occurring as much as 10% of the time.’ 
Therefore, adequate bladder drainage is necessary to pre- 
vent urinary infection during this critical time of postop- 
erative spinal closure healing. Catheter drainage is 
maintained for several days until it is safe to transport the 
child to the ultrasound department and the urodynamic 
facility where additional investigative studies can be carried 
out, allowing an answer to part two of the question. 


Initial comprehensive 
assessment 


The initial comprehensive assessment (Table 64.1) begins 
with an examination of the lower extremities, checking 
muscle mass, spontaneous movements, deep tendon 
reflexes, sensation (both lower extremity and perineal 
areas), and anal tone in order to determine what are the 
child’s sensory and motor neurologic levels. Although the 
correlation between neurologic level and lower urinary 
tract function is not a good one,’ there are some clues to 
bladder and sphincter behavior that can be gleaned from 
this examination, i.e., a patulous anus suggests there might 
be a complete lower motor neuron lesion involving the 
urethral sphincter, whereas the presence of an anal wink 
(an anal muscle reaction to gently scratching the pig- 
mented, ruggated skin adjacent to the anus) implies intact 
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Initial assessment 


Postvoid residual 
e After a spontaneous void or Credé maneuver 


Renal and bladder ultrasound 
e Kidney size, appearance, collecting system dilation 
e Ureteral dilation — proximal and distal 
e Bladder wall thickness and residual urine volume 


Urodynamic study 
e Cystometrogram (compliance, contractility, leak-point 
pressure) 
e Voiding pressure studies and ability to empty at specific 
pressure 
e External urethral sphincter electromyography (baseline 
potentials, reflexes, response to voiding, or maneuvers to 


empty) 


Neurologic examination 
e Lower extremity strength, tone, reflexes, sensation, 
spontaneous movements 
e Perineal tone and sensation 


Laboratory values 
e Urine culture 
e Serum creatinine after 5-7 days of life 


Voiding cystourethrogram 
e Bladder wall characteristics 
e Bladder neck appearance and pelvic floor position 
e Vesicoureteral reflux 
e Ability to empty 


Nuclear scanning 
e DMSA scan if reflux is present 
e Mag 3 lasix renogram if hydronephrosis is present 


sacral spinal cord function and reflexes, but with the possi- 
bility that detrusor-sphincter dyssynergia exists as well. 

This is to be followed by a complete urodynamic evaluation 
that includes a very slow fill cystometrogram (5 ml or less per 
minute) using saline warmed to 37°C,* looking at detrusor 
compliance, contractility, leak-point pressure, and the ability to 
void at capacity and empty the bladder with respectable pres- 
sures. The normal bladder capacity at this age varies between 
10 and 15 ml. Simultaneously, a small concentric needle elec- 
trode is placed in the external urethral sphincter to evaluate 
individual motor unit action potentials at rest, in response to 
various sacral stimuli, bladder filling, and emptying.’ The most 
important findings are end detrusor filling pressure, leak or 
voiding pressure, the presence of detrusor overactivity, and the 
reaction of the external urethral sphincter electromyogram in 
response to a bladder contraction; all of these parameters 
determine what type of treatment or further assessment, if any, 
should be instituted following this study. 

Although still somewhat controversial," urodynamic 
testing in the newborn period provides several important 
advantages: (1) an understanding of the current physiology 


Indications for conventional or nuclear 
cystography 


Ultrasound 
e Hydronephrosis — either static or changing throughout 
exam 
e Discrepancy in kidney size 
e Increased bladder wall thickness 


Urodynamic studies 
e Poor compliance 
e High pressure detrusor overactivity (> 75 cmH,O) 
e Dyssynergic sphincter activity 
e High leak-point pressure with complete sphincter 
denervation 
e Large postvoid residual 


of the lower urinary tract; (2) a baseline assessment so that 
comparisons can be made if changes in either neurologic 
or urologic function take place over time; (3) a degree of 
predictability for urinary tract deterioration if the child is 
just observed; (4) a reason to intervene urologically even in 
infants who have a normal appearing upper urinary tract 
in order to prevent this deterioration from occurring; and 
(5) a reasonably accurate picture to counsel parents about 
future bladder and sexual function.'” 

Renal ultrasonography, either just before or after the 
urodynamic testing, is complementary to it. The size, posi- 
tion, and appearance of the kidneys and the collecting sys- 
tems, especially the distal ureters, and the thickness of the 
bladder wall are images that need to be looked at in con- 
junction with the findings on the urodynamic study. The 
kidneys are normal 98% of the time. The only anomaly 
reported with any consistency in the newborn period has 
been horseshoe kidneys, but that too is rare. Historically, a 
voiding cystogram has been undertaken only when the 
images on the renal ultrasound suggest reflux or another 
abnormality, or the urodynamic study indicates that reflux 
is a strong possibility, and if present may have considerable 
consequences for the upper urinary tract (Table 64.2). 

Although some clinicians continue to rely solely on ultra- 
sound images and their physical examination to determine 
whether or not they should intervene,'’ most centers now 
consider urodynamic testing an integral part of the initial 
work-up and management of these children.*!*’* The rea- 
sons promulgated by the ‘observers’ are (1) the incidence of 
deterioration is small; (2) it can be reversed if treatment is 
instituted early enough after it occurs; (3) overall renal func- 
tion is not impaired when comparing expectant to prophy- 
lactic treatment; (4) why subject the child and family to risks 
that might be unfounded; and (5) why subject parents to 
learn techniques and be even more burdened by procedures 
when caring for their children than they truly need to 
be.!®!!415 However, those who espouse prophylactic ther- 
apy counter these arguments by saying that no one has 
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UDS Findings in 
225 Myelodysplastic Newborns 


e Bladder function 


Contractile 63% 

Acontractile — poor compliance 17% 

Acontractile — good compliance 20% 
e Sphincter innervation 

Intact sacral reflex arc 40% 

Partial denervation 24% 

Complete denervation 36% 
e Lower urinary tract function 

Dyssynergy 37% 

Synergy 26% 

Complete denervation 36% 

Figure 64.1 


The types of bladder function and sphincter innervation noted in 
225 newborns with myelodysplasia who underwent urodynamic 
testing within the first month of life over the last 25 years at our 
institution. Lower urinary tract function refers to the response of the 
sphincter to bladder filling at the time capacity was reached. 
Complete denervation is applied to those infants with no bioelectric 
activity in the sphincter during needle electromyography. 


shown that CIC begun in the newborn period harms any 
infant, places undo hardships on parents, leads to repeated 
urinary infection or other potential complications from the 
catheterizations, or injures the urethra.'*!° In fact, several 
important benefits have arisen following the initiation of 
this long-term prophylactic treatment: the ease in which 
children have taken to accepting CIC as a regular means of 
emptying their bladder as they grow; the ability to attain 
continence with less adjunctive medical and surgical mea- 
sures; the earlier goal of achieving independence in self- 
management of the lower urinary tract, when this program 
is begun early in the life of the child; and the ultimate 
reduced need for augmentation cystoplasty, with its atten- 
dant set of complications that inevitably occur over time." 


Newborn urodynamic 
findings 


Urodynamic studies in newborns have demonstrated sur- 
prising results when compared to findings in older children, 
a reflection of the changing nature of the neurologic lesion 


in myelodysplastic children.'® Bladder function has been 
classified using the newly accepted terminology promul- 
gated by the International Children’s Continence Society: 
contractile means that a voiding contraction occurred at 
capacity during a cystometrogram, whereas acontractile 
implies that no contraction of the bladder took place. 

Sixty-three percent of 225 newborns (Figure 64.1) 
demonstrated a bladder contraction on cystometry, and 
37% did not. Of the latter, 20% had good and 17% had poor 
compliance (end filling pressure defined at the time as less 
than 40 cmH,0).”° Electromyographic (EMG) assessment 
of the external urethral sphincter revealed an intact sacral 
reflex arc with normal motor unit potentials and normal 
responses to sacral stimuli in 40% of the children, partial 
denervation of the sphincter with variable sacral reflex 
responses in 24%, and complete denervation with no elec- 
trical activity and no responses to sacral stimulation in 36%. 

Detrusor and urethral sphincter function can be further 
correlated to denote the reaction of the latter in response to 
the former. Synergy is defined as quieting of the sphincter 
when the bladder contracts at capacity, whereas dyssynergy 
or DSD implies that the urethral sphincter increases its 
activity in response to a bladder contraction or fails to relax 
as the bladder is filled to capacity. The incidence of synergy 
in our newborn series was 26%, DSD occurred in 37%, and 
complete denervation was seen in 36%.”° 


Initial treatment 


Initial management is dictated by the findings on urody- 
namic assessment irrespective of the upper urinary tract 
appearance on X-ray imaging (Table 64.3).?!** No inter- 
vention is necessary in the child with a synergic sphincter 
who voids to completion with normal pressure. Similarly, 
no specific treatment is needed in the child with complete 
denervation, a low leak-point pressure, and sporadic but 
complete emptying. However, intervention employing CIC 
is considered mandatory in the child with DSD because 
experience has shown that expectant therapy alone often 
leads to a decompensated bladder with poor compliance, 
hydroureteronephrosis, and vesicoureteral reflux, all of 
which may not be completely reversible with subsequent 
management (Figure 64.2).”4 Besides, it has been clearly 
shown that augmentation cystoplasty is needed more often 
than not if these bladders are allowed to progress to inelas- 
ticity from the continued high bladder outlet resistance 
associated with DSD.'*!”7 DMSA scanning has provided 


Initial management 


No intervention CIC only CIC + anticholinergic meds 
Synergic voiding with complete emptying Dyssynergy DSD + poor compliance 
Low LPP 2° denervation fibrosis Reflux = 3 DSD + poor compliance + reflux = 3 


LLP, leak point pressure; Reflux grades 1-5 (international classification). 
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Subsequent deterioration: 
expectant vs prophylactic therapy 
100% + 
90% + 
80% + 
70% 4 
60% 18/34 
50% + 
40% - 27/71 
30% 7/23 
cg 7/30 
20% 4 2/74 10/53 18/122 
10% - 1/39 
0% T T T 1 
Synergy No activity Dyssynergy Total 
Expectant [El Prophylactic 
Figure 64.2 


Comparison made of the response in those 225 infants followed 
postnatally with either expectant (71) or prophylactic (122) 
therapy, excluding 32 children who had deterioration of their 
urinary tract at the time of birth from the prenatal effects of 
increased bladder outlet resistance. 


another, more paramount reason for intervening early, due 
to the irreversibility of a renal injury that can occur with 
high pressure reflux and urinary infection.” 

Spinal shock following meningocele repair occurs in 3% 
of newborns.” Its presence can be readily ascertained on 
urodynamic testing — an underactive detrusor (unsus- 
tained or no contractility of the bladder muscle) and no 
reactivity of the urethral sphincter muscle to sacral stimuli 
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despite the apparent absence of signs of denervation on 
sphincter electromyography. In some instances there may 
be complete denervation of the urethral sphincter and an 
adynamic detrusor but, in either case, the child is not able 
to empty the bladder. When CIC is initiated as a result of 
spinal shock, the need for catheterization is only continued 
until the bladder can regain its contractility and completely 
empty itself periodically. The time to resolution is variable, 
but spinal shock usually lasts no more that 2 to 4 weeks 
after surgery. Prophylactic antibiotics are administered for 
the first few weeks after initiation of the CIC program to 
minimize the threat of urinary infection while the parents 
are adjusting to the catheterization technique and empty- 
ing the bladder completely and regularly. Antibiotics are 
stopped once parents are comfortable with the program. 
This has not resulted in a subsequent increased incidence 
of urinary infection. When spinal shock is not the issue and 
DSD is noted, then CIC is begun in earnest as a permanent 
means of emptying the bladder to avoid the potentially 
hazardous effects of high voiding or leak-point pressures 
that lead to upper urinary tract damage and to the creation 
of an inelastic bladder over time.!”” 

If the initial urodynamic study reveals poor detrusor 
compliance with end filling pressure exceeding 20 cmH,0, 
detrusor overactivity with pressures exceeding 50 cmH,0, 
or voiding pressures greater than 80 cmH,O, anticholiner- 
gic medication is begun as an adjunct to CIC (Figure 
64.3).!>89 The most readily administered anticholinergic 
drug is oxybutynin HCI. It has been available for more than 
25 years and its liquid form allows it to be easily titrated 
based on the child’s age and/or weight. The dosing sched- 
ule used in our department is 1 mg/year of age bid to tid, 


Figure 64.3 

Effect of oxybutynin HCI administered orally 
(according to dosing noted in the text) on 
bladder function for infants with increased 
bladder outlet resistance. 
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Figure 64.4 
Volare The ultrasound of the right kidney (a), the 
(m) voiding cystogram (b), and the urodynamic 
Pressure study (d) in a 1-year-old girl with 


detrusor-sphincter dyssynergy. Note the 


effect of high filling pressures on the 
right kidney despite the absence of 


Volume 


with proportionately less prescribed for children younger 
that 1 year (0.1 mg at birth, which is increased by 0.1 mg 
each 5 weeks during that first year) (Figure 64.4).*° Side- 
effects with this dosing have been minimal, with facial 
flushing as the most likely observed symptom; no long- 
term sequelae have been noted affecting the gastrointesti- 
nal tract or cardiovascular system. The incidence of 
deterioration is small (15%) in the proactively treated chil- 
dren, and certainly lower than the 38% rate seen in the 
expectant therapy group (Figures 64.5 and 64.6). 

Credé voiding to empty the bladder is no longer prac- 
ticed on a routine basis. It is effective in young babies when 
the bladder remains an abdominal organ, but it should 
only be used when the external urethral sphincter is not 
reactive to sacral stimuli.*'! With a nonreactive sphincter, 
there is no corresponding increase in activity or any 
increase in urethral resistance during this type of ‘voiding 
so the bladder is emptied at safe pressures. When the 
sphincter muscle is reactive it tightens in response to any 
increase in abdominal pressure causing bladder outlet 
resistance to increase as well (Figure 64.7). This results in 
higher ‘voiding’ pressure, to empty the bladder; thus, it is 
not a salutary way to empty the bladder. 


Vesicoureteral reflux 


The incidence of vesicoureteral reflux varies between 3 and 
5% of newborns with myelodysplasia, usually in association 
with poor detrusor compliance, detrusor overactivity, and/or 


eter rere (ml) 


reflux. Once treatment with intermittent 
Pressure Catheterization and oxybutynin were 
ie begun the right kidney improved (c), but 
did not completely resolve its 
hydronephrosis. 


| Bladder pressure (cmH,Q) 
m 90 ; : 


Figure 64.5 

This newborn boy with a lumbar level myelodysplasia had 
normal kidneys (a and b) and a benign urodynamic study 
initially (c) with low filling and voiding pressures and complete 
denervation in the sphincter (not shown). 


DSD.””? When voiding or nuclear cystography is performed 
(for the reasons cited earlier) and vesicoureteral reflux is 
detected, additional measures are undertaken. If CIC has not 
been started before this time, it is begun now. The degree and 
extent of any further intervention is determined in part 
by the grade of reflux. The international classification of 
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Figure 64.6 
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At 1 year of age the newborn boy had a urinary tract infection and his ultrasound revealed bilateral hydronephrosis (a and b) with a 
dilated right ureter extending down to the bladder (c). A voiding cystogram demonstrated grade 5/5 reflux bilaterally (d), narrowing in 
the region of the external urethral sphincter (e), and a markedly hypertonic bladder (f). His EMG revealed reinnervation of the sphincter 


with concomitant dyssynergy at capacity (not shown). 


grades 1 through 5 is used to describe its severity. Prophylactic 
antibiotics are either initiated or continued on a regular basis 
for all reflux grades other than grade 1. A dimercaptosuccinic 
acid (DMSA) renal scan is obtained when the reflux is grade 
3 or higher to determine the extent of parenchymal scarring. 
In our original series of newborns with myelodysplasia eval- 
uated in the newborn period, vesicoureteral reflux was only 
seen this early after birth in those children who had DSD, 
suggesting that bladder outflow obstruction in the prenatal 
period already had a profound effect on the ureterovesical 
junction that led to reflux.” Knowing whether or not renal 
damage has occurred as a result of in utero high pressure 
voiding from the dyssynergy during this critical time in the 
development of the kidney is paramount to insuring that no 
further injury takes place. 

If the initial cystometrogram demonstrates poor com- 
pliance, high-pressure premature contractions (above 25 
cmH,O), or high voiding pressures ($75 cmH,O), anti- 
cholinergic medication is started, if it has not been done so 
already, in an attempt to lower intravesical pressure and 
ultimately to effect resolution of the reflux.???*?**? The 


dosing of oxybutynin is as noted above, but probably 
should be given 3 times per day to maximize its effect. 

Urine cultures need to be obtained routinely, every 3 
months, as well as specifically when symptoms suggestive 
of an infection are present, and treated appropriately, if 
positive. If hydroureteronephrosis is evident on the initial 
imaging of the kidneys it is repeated 6 months later to see 
whether it has resolved. Otherwise, repeat urinary tract 
imaging and urodynamic studies are performed close to 1 
year of age. At that time, a renal ultrasonogram, nuclear or 
voiding cystogram, and a cystometrogram (in conjunction 
with the nuclear or voiding cystogram — videourodynam- 
ics) are performed to denote (1) any changes in renal archi- 
tecture and growth, (2) the continued presence of reflux 
and its grade, and (3) the efficacy of the anticholinergic 
medication being given, respectively. 

If the reflux remains high grade (grade 23), the poorly 
compliant bladder has not improved with medication, or the 
kidneys have failed to grow or have progressive scarring on 
DMSA scanning and continue to exhibit hydroureteronephrosis, 
surgical intervention is deemed necessary. 
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Figure 64.7 

When the urethral sphincter is reactive to 
sacral reflexes a Credé maneuver can lead 
to increases in abdominal pressure and 
high pressure ‘voiding’. However, when 
the sphincter is extensively denervated 


there is no corresponding reactivity to a 
Credé maneuver so bladder outlet 


sa Intraurethral —— Intravesical - - - Rectal 


resistance does not change and it is 
relatively safe to perform. 


The indications for antireflux surgery are similar to those 
in normal children: recurrent breakthrough urinary infec- 
tion despite continuous antibiotics; persistent high-grade 
reflux despite an improvement in detrusor compliance 
and/or overactivity with anticholinergic medication; failure 
of renal growth on serial ultrasounds; the development or 
progression of renal scarring on subsequent studies; and the 
need to perform bladder outlet surgery to improve urinary 
continence.***° Excellent success rates for resolution of 
reflux with surgery have been achieved when combined 
with anticholinergic medication and CIC to insure low 
detrusor filling pressure and complete emptying.*®*” 

Agents have been developed that can be endoscopically 
injected into the ureteral orifice (Figure 64.8) to correct 
reflux, and they have become increasingly popular in recent 
years — thus lowering the threshold for correcting reflux in 
these children. Despite this, the long-term efficacy of this 
treatment has not been clearly established.***? The risk of 
recurrence of reflux in the child with a neurologically 
impaired lower urinary tract, especially in a disease process 
that is dynamic, is unknown. Therefore, caution following 
its use cannot be overstated. 
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Figure 64.8 

Following a Deflux injection into each ureteral orifice in the boy 
shown in Figure 64.6 a mound can be seen (arrows) surrounding 
each intramural ureter (a), while no reflux is noted during a 
postinjection nuclear cystogram (b). 


Again, the use of Credé voiding to empty the bladder 
should be avoided in babies who have a reactive external 
urethral sphincter for the reasons cited earlier in the chap- 
ter. This is especially true for children with reflux, for the 
increased ‘voiding’ pressure generated by a reactive sphinc- 
ter may lead to a more injurious effect if reflux is present.?! 
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Vesicostomy drainage 


Before the advent of CIC in early infancy for these children, 
vesicostomy drainage was frequently employed to drain the 
bladder in children with vesicoureteral reflux and/or 
hydronephrosis.*"*! Since that time few vesicostomies have 
been performed, mostly in children whose parents were 
not able to follow a regimen of sufficiently frequent 
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Figure 64.9 

The flow chart emphasizes the 
changing neurologic lesion involving 
(a) sacral reflex and spinal cord 

(b) function in newborns with 
myelodysplasia over time. ILMN, 
incomplete lower motor neuron; 
CLMN, complete lower neuron; UMN, 
upper motor neuron; NI, normal; 
innerv, innervation; Unch, unchanged; 
FU, follow-up; Dyssyn and Dys, 
dyssynergy; Syn, synergy LMN, lower 
motor neuron. 


catheterizations, or who experienced urethral injury, 
or exhibited a poorly compliant or markedly overactive 
detrusor unresponsive to anticholinergic medication in 
the face of high-grade reflux and/or hydronephrosis.” It 
should be emphasized that this is a temporizing measure 
for draining the bladder and should not be considered a 
long-term solution. As the child approaches 3 to 4 years of 
age strong consideration should be given to reversing the 
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Figure 64.10 


Risk of deterioration with increasing age in newborns with 
myelodysplasia who had normal urodynamic findings and a 
normal neurologic exam at birth. The denominator above each 
column refers to the number of infants at risk while the 
numerator refers to those who actually changed at that 
particular age, at the time the analysis was undertaken. Once a 
child deteriorated he/she was not included in those at risk for 
neurologic deterioration the following year. 


process and instituting CIC and drug therapy. The contin- 
ued presence or resolution of vesicoureteral reflux is diffi- 
cult to assess before take-down of the vesicostomy, so a 
repeat cystogram is necessary shortly after closure of the 
stoma. Some have observed that a poorly compliant blad- 
der may not improve with the creation and subsequent 
reversal of a vesicostomy. Thus, a vesicostomy may only 
delay the ultimate need for augmentation cystoplasty. 
Others have noted that it is difficult to impose CIC on a 
child at an older age once they have had a vesicostomy for 
several years. For these reasons, vesicostomy drainage 
should be undertaken in very specific instances. Most 


importantly, it is only applicable if there is no secondary 
ureterovesical junction obstruction. 


Neurologic changes 


It has become apparent over the last 20 years that the neuro- 
logic injury in myelodysplasia is not a static lesion but rather 
a dynamic disease process (Figure 64.9).*? Therefore, the 
findings in early infancy do not always correlate with what is 
seen in later years on X-ray imaging and urodynamic stud- 
ies. When a change occurs it is often the reason for failure of 
initial management. We noted a 19% incidence for changes 
during the first several years of life, with most of the changes 
occurring in the first 2 to 3 years.“ The changes in neuro- 
logic function are not confined to children with any one 
level of lesion.**“* In fact, there is a 32% risk for deteriora- 
tion subsequently when newborns have normal urodynamic 
findings (Figure 64.10). Therefore, the clinician must 
remain vigilant to the possibility of its occurrence and con- 
sider repeating the urodynamic study routinely in those chil- 
dren with the most lower urinary tract function to lose, i.e., 
normal or near normal detrusor and external urethral 
sphincter function. 


Subsequent surveillance 


Depending on the findings in the early newborn period 
and the type of intervention, if any, subsequent surveil- 
lance is based on that initial evaluation and the potential 
for neurologic and/or urologic change (Table 64.4). If a 
child has a complete lower motor neuron lesion with no 
bioelectric activity in the sphincter and a good compliant 
bladder with low filling and leak-point pressures at capac- 
ity, little residual, and a normal renal ultrasound, he (she) 
can be followed expectantly. Periodic residual urine 


Type of lower Complete Normal function Good function w DSD + DO 

urinary tract lesion denervation bladder/sphincter and intervention begun 

Parameter 

Residual urine 3x/yr 3x/yr N/A 

Urine culture 3x/yr 3x/yr 3x/yr 

Renal ECHO Yearly Yearly Yearly 

Urodynamic study age 1 Yearly till 6 To check effectiveness of therapy or yearly 
if substantial function is present 

Cystography (see text) See text Yearly to follow progress of reflux 

VCUG or nuclear 

DMSA scan for biennial biennial biennial 

high grade reflux 


DSD, detrusor sphincter dyssynergy; DO, detrusor overactivity. 
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measurements with urine cultures 2 to 3 times a year and 
yearly renal ultrasounds for the first several years after 
birth are all that is necessary until it is time to try and 
achieve continence. It is rare to find reinnervation of the 
external urethral sphincter producing increased bladder 
outlet obstruction. More likely, denervation fibrosis of this 
sphincter can occur, resulting in an increase in urethral 
resistance and leading to increased residual urine.** Any 
change in residual urine volume, incidence of urinary 
infection, or dilation of the collecting system warrants 
further investigation with repeat urodynamic studies to 
determine its cause, and voiding cystography or isotope 
renography, (depending on the new findings) to denote its 
consequence. 

If the child has normal bladder and external urethral 
sphincter function with a good compliant bladder early in 
filling, a normal voiding contraction at capacity with nor- 
mal pressure, normal or only partial denervation in the 
sphincter with normal sacral reflexes and detrusor-sphincter 
synergy, and normal kidneys on ultrasound, then a residual 
urine volume with urine cultures twice a year and a yearly 
renal ultrasound and urodynamic study are necessary to 
insure a stable neurologic picture. Deterioration as well as 
reinnervation (in those with partial denervation) is possi- 
ble. The earlier it is detected, the greater the likelihood that 
external urethral sphincter function can be preserved or 
improved with secondary spinal cord untethering. 

If the child has urologic and urodynamic parameters 
that warrant intervention, such as an overactive detrusor, a 
poorly compliant bladder with high leak-point pressure, 
detrusor-sphincter dyssynergy or a nonrelaxing sphincter 
at capacity, elevated residual urine after a spontaneous 
void, hydronephrosis, and dilated ureter(s), various treat- 
ment measures will have to be initiated. Depending on the 
type of intervention — medical therapy with anticholiner- 
gics, intermittent catheterization, or surgery (open or 
endoscopic treatment of reflux, vesicostomy) — follow-up 
is predicated on what has been instituted. Surveillance with 
urine cultures and residual urine measurements at least 
twice a year and renal ultrasonography yearly is usually the 
minimum standard of follow-up. 

A repeat urodynamic study is warranted if the clinician 
needs to know (1) the effectiveness of anticholinergic med- 
ication that has been started, (2) why an increase in resid- 
ual urine has occurred if the child has been voiding 
spontaneously, (3) the reason for a change in the level of 
continence, (4) what effect recurrent UTI has had on 
detrusor muscle compliance and contractility, and (5) 
what may have caused an increase in collecting system dila- 
tion on radiologic imaging. As noted in the reasons cited 
above, external urethral sphincter EMG should be repeated 
as part of the urodynamic study if there is an apparent 
change in lower extremity function, an increase in detrusor 
leak-point pressure and/or residual urine, a change in the 
level of urinary continence, or an increase in or new onset 


of dilation of the upper urinary tract, for these signs might 
suggest either reinnervation of the external urethral 
sphincter and/or the development of detrusor sphincter 
dyssynergy or loss of sphincter function when an increase 
in urinary incontinence occurs. 

Nuclear or voiding cystography is indicated on a yearly 
basis to follow children with vesicoureteral reflux or if 
there is a change in function on the urodynamic study, 
dilation of the upper urinary tract on renal ultrasonogra- 
phy, or recurrent UTI that warrants a repeat study. Renal 
scintigraphy is helpful to detect any upper urinary tract 
deterioration in those children with recurrent UTI, persis- 
tent high-grade reflux, or deterioration in lower urinary 
tract function on urodynamic studies that predisposes 
them to kidney deterioration as well. 

Measurement of serum creatinine has not been a useful 
tool for either initial assessment or subsequent follow-up 
because it is an inaccurate way to detect early changes in renal 
function. However, an initial serum creatinine level is helpful 
when juxtaposed against later measurements in those chil- 
dren who have repeated UTI in the face of vesicoureteral 
reflux and/or kidneys that do not grow with advancing age. 


CONCLUSIONS 


It is fascinating to muse over the changes in management 
of the infant with myelodysplasia during the last 30 years.” 
One could sum up the entire management philosophy of 
years ago into one or two phrases — watchful waiting, or 
urinary diversion in those with any signs of deterioration 
or just the presence of myelodysplasia. The advent of CIC 
and the development of numerous agents that modulate 
lower urinary tract function have altered the way these 
children are initially assessed and treated in a profound 
way. There is still some controversy whether or not proac- 
tive treatment versus careful surveillance with rapid initia- 
tion of therapy when a change takes place is the correct 
method of treatment. The important outcome, however, is 
that the children are receiving a markedly higher level of 
urologic care that they did in the 1960s and 1970s. Their 
quality of life, their overall kidney health, and their ability 
to integrate into and become functional members of 
society are clearly that much better.” 
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Intravesical electrical stimulation in newborn 


infants and children 


Marianne Berényi, Ferenc Katona, and Helmut G Madersbacher 


Introduction 


Meningomyelocele (MMC) is a complex developmental 
malformation of the central nervous system. It usually 
involves the vertebral system (spina bifida), the spinal cord 
and nerves (meningomyelocele), the ventricular system 
(hydrocephalus), and the brain. The symptomatology of 
the defect is individually different, though similarities are 
frequent. The multiorgan involvement of MMC is repre- 
sented by the diagnostic and therapeutic tools, such as 
ultrasound, MRI, valve implantation, early closure of the 
cele, intravesical transurethral electrostimulation, electro- 
modulation, intermittent catheterization, implantation of 
artificial sphyncter, surgery on the hip and lower extremi- 
ties, and physiotherapy. Life-threatening defects are hydro- 
cephalus and/or bladder infection. 

According to this concept, it is therefore the practice to 
follow MMC from the preoperative examination of the 
newborn continuously through to age 2-3 years.'* 

The symptoms and consequences of this complex mal- 
formation can influence each other, and the success of 
treatment depends on the plan, which considers the epige- 
netic connections. Initially, life-endangering symptoms 
must be attended to. Ventriculoperitoneal shunt can treat 
hydrocephalus and special attention must be given to 
bladder function. 


Preoperative diagnostic 
methods in MMC neonates 


The concept of such planning begins with a thorough 
and complex investigation of the MMC newborn before 
early closure. This extensive program includes ultra- 
sound, special neuro-urodynamic examination of the 
urinary bladder, and rectodynamic examination of 
the rectum. This examination program assists to fulfill 
the task of secondary prevention according to the WHO 


nomenclature, because it improves the result of the early 
closure. Since 1984 the Department of Developmental 
Neurology has run a 24-hour service for this purpose. 
The spina bifida newborns requiring operation during 
the first 24 hours arrive by ambulance car directly from 
obstetric departments. The examination program 
requires neuro-imaging (brain and spinal cord), to 
detect the presence of hydrocephalus or other brain mal- 
formation; spinal ultrasound; bladder, ureter, and kidney 
ultrasound; neurourodynamics and rectodynamics; EEG; 
and brainstem-evoked potential. Developmental neuro- 
logic examination of elementary motor functions is 
designed to reveal the functional integrity of the pelvic 
floor and the lower extremities. This type of examination 
is based on stimulation of the vestibular and reticular 
system through the labyrinth and activates complex, sen- 
sorimotor functions such as unsupported sitting, crawl- 
ing up and down on an incline, and elementary walking. 
This is the only way to achieve an early correct diagnosis. 
Tests of elementary attention, habituation, and other 
precognitive functions are also part of the complex pre- 
operative examination. 

Bladder configuration is examined by ultrasound. 
Owing to the physiologic anuria being present at 3—4 hours 
after birth, when the majority of preoperative examina- 
tions are performed, even in normal cases normal bladder 
capacity by ultrasound estimation and/or good urination 
in spray cannot be used, and further examinations are 
needed. Preoperatively no close connection can be 
observed between the grade of paraparesis and bladder 
dysfunction. Occasionally normal bladder function, no 
dribbling, and no retention can be observed, even in cases 
with very severe paraparesis, or paraplegia investigated by 
vestibular stimulation of the sensorimotor functions, 
somatosensory-evoked potential. These findings indicate 
the necessity of using the most careful operative technique, 
in order to preserve existing functions. The detailed preop- 
erative case reports help the surgeon, who does the early 
covering in this respect too. 
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Figure 65.1 
Neuro-urodynamic examination during electrical stimulation 
of the bladder in a neonate with sacral MMC. 


In all cases so-called ‘neuro-urodynamics’ are per- 
formed. This consists of catheterization with a thin (K-31) 
catheter, with a smooth metal tip and thin cable inside 
(electrocatheter), to introduce sterile fluid by a slow drip 
(10/minute), filling the bladder to one-third of its actual 
capacity. The electro-catheter is connected to a polygraphic 
recording system. A balloon catheter is introduced 4-5 cm 
into the rectum and also connected to the polygraph. 
Bladder, rectal, differential pressure, and body movement 
are recorded simultaneously. With electroencephalography 
(EEG), the activity of the brain is registered continuously 
during the pressure recording, and the whole procedure is 
recorded by video (Figure 65.1). 

The first step in the examination is the recording of the 
spontaneous activity of the bladder following retrograde 
filling. Pressure changes, if any, are recorded during a 
20-minute period. When no bladder function is measured, 
electrical stimulation is initiated. The applied electrical 
currents comprise interrupted direct current (DC) with a 
stabile 2 ms duration for each individual current, with 
changeable frequency, rise time, train duration and interval 
in a package (see Chapter 55, Figures 55.4-55.6). The pos- 
itive electrode is in the bladder at the tip of the catheter and 
the negative one is attached firmly to the arm. The current 
flows from the positive electrode in the bladder to 
the negative electrode on the arm. Stimulation starts with the 
lowest intensity (0-5 mA) and is gradually increased. 
The highest intensity used is 8 mA. During this procedure 
the polygraph recordings are observed. It often happens 
that, after an initial recording period of 20 minutes, the ini- 
tiation of electrical stimulation produces changes in bladder 
tone and activity and pelvic floor tone, and, occasionally, a 
very strong contraction appears which causes evacuation 
of the bladder. The type of contraction is important in the 


assessment of bladder function. Several types of bladder 
contractions can be recorded: (1) normal, (2) slow-rise, 
low-peak, and short-duration, (3) short-rise, normal- 
height, short-duration, among others. 

EEG of neonates and infants often changes during the 
initial period of voiding, and this change becomes even 
more pronounced if the pressure reaches a certain level 
(usually around 40 cmH,0, or more). In children, EEG 
shows desynchronization, while in neonates and young 
infants, as well as the characteristic changes of desynchro- 
nization, arousal or awakening reactions can be seen. In 
neonates, a very sensitive behavioral sign of alteration 
in either the external or internal environment is a change 
in nonfeeding sucking activity. To use this age-dependent 
specialty, the polygraphic program contains continuous 
recording of sucking with the help of a pacifier connected 
to a transducer. In neonates and young infants, strong 
detrusor contractions produce an immediate alteration in 
the sucking bursts. With the simultaneous recording of EEG 
and pressures from the bladder and the rectum, a new pos- 
sibility arises to study the integrity of the afferent sensory 
processes from the urinary bladder to the central nervous 
system. With the aid of this complex neuro-urodynamic 
program, innervation of the urinary bladder can be evalu- 
ated in a more objective way. It often happens that no 
change in bladder pressure occurs during the first phase of 
pressure recording. In such cases, however, pressure waves 
develop later, after the start of transurethral intravesical 
electrostimulation. Intravesical electrical stimulation 
(IVES) is an important diagnostic aid which, in many 
cases, reveals hidden reactive capabilities of the intramural 
receptor systems of the bladder. 

Between 1973 and 2005, 328 neonates were investigated 
a couple of hours following birth. Of these, 231 were 
operated on during the first 24 hours of life (Figures 
65.2-65.4). All operated infants were re-examined after 
wound healing to compare pre- and postoperative data. 
The state and prognosis of the operated newborn was 
evaluated by developmental neurologic methods and 
neuro-urodynamics, and the type of incontinence was 
examined (Figures 65.5 and 65.6). The preoperative exam- 
ination revealed in 73 cases normotonic, normoactive 
bladder, strong detrusor contraction (>40 cmH,O), and 
definite signs of vegetative orientation in the EEG. In 97 
cases the severity and/or the complexity of malformations 
(e.g. hydranencephalia) contraindicated the early closure, 
and this patient population has not received IVES. As the 
most severe cases were excluded, the treated population is 
consequently a selected one. Surgery saved good bladder 
function in 64 cases, and 161 families accepted the regu- 
larity and prolonged duration of IVES (Figure 65.2). The 
161 IVES-treated infants, together with the 64 MMC 
infants with good bladder function, were regularly checked 
on a monthly basis. The Developmental Neurology 
Department in Budapest is responsible for the complex 
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Distribution of preoperatively examined 
MMC neonates. 
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Figure 65.3 


Localization of the cele and the grade of paraparesis in 328 MMC newborns before early closure. 


treatment of all symptoms of MMC (i.e. paraparesis, 
eventual consequences of hydrocephalus, and bladder 
and rectal functions). These regular check-ups, including 
examination of bladder function in those patients 
who showed normal bladder function postoperatively, 
revealed that this good detrusor ability was sustained 
throughout the follow-ups, which lasted until the patients 
were 4 years of age. 


Therapy 


The aim of IVES in MMC patients is the physiologic orga- 
nization of bladder function. In other patients the aim is 
reorganization, to give back a lost function. In MMC 
patients bladder innervation never developed during the 
embryonic and fetal period — there is nothing to reorga- 
nize. In MMC patients intramural receptors have not lost 
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Localization of the cele and grade of paraparesis in 161 operated MMC infants at initiation of IVES. 
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Results of neuro-urodynamics at the initiation of IVES in the treated 161 MMC patients. 


contact with spinal neurons — such contacts were never 
built up. MMC, however, rarely presents a complete 
absence of neurons connecting the bladder and spinal 
cord. Nerve development may be seriously impaired, nev- 
ertheless a small percentage of neurons has usually reached 


the bladder during fetal development. The essential aim is 
to organize a new developmental variety of bladder inner- 
vation and achieve more satisfactory bladder function. The 
earlier this approach is initiated, the better are the 
results.”-!7 
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Types of abnormal voiding at the initiation of IVES in the 161 MMC patients.'° 


Infants and children 


Regular intravesical, transurethral electrotherapy was 
applied in 161 infants.!? The comparative results of the 
pre- and postoperative examinations served as parameters 
for the bladder electrotherapy. IVES was performed daily 
for 90 minutes. The diagnostic and therapeutic conditions 
were similar, but no polygraphic neurourodynamics was 
performed, only a special transistorized bladder, rectal, and 
average pressure recorder was used (Figures 65.7 and 65.8). 

The parameters of the electric stimulation were (1) cur- 
rent: DC 1-10 mAs, according to type of the bladder paresis 
(the current is harmless); (2) wave form: repetitive 2 ms wide 
rectangular impulses composed of longer or shorter trains 
with an exponentially increasing rise time. The duration in 
seconds of the rise time, the length of the train, and the dura- 
tion of the interval can be altered according to needs. The 
frequency of the individual impulses can be changed. The 
most effective frequency is between 70 and 90 Hz. 

The aim of the therapeutic stimulation depends on the 
age of the patient. In infants the first goal is to reach alter- 
nating dry and wet periods, to improve detrusor contractil- 
ity, and to accomplish voiding in stream with complete 
evacuation of the bladder without retention. The speedy dis- 
appearance of retention reduces the risk of ascending infec- 
tions, upper urinary tract dilations, and reflux. The other 
goal is the prevention of shrinkage, extensive enlargement, 
or flaccidity in the bladder.'*!? Among the aims of IVES, the 
prevention of dyssynergy has an important role. The stimu- 
lation at the area of the cross-striated sphincter musculature, 
together with activation of the hip and pelvic muscles using 
elementary sensorimotor functions, serves to fulfill this goal. 


Figure 65.7 
The set-up of regular IVES. 


IVES is not a mechanical process using the same electric 
current throughout the treatment. The parameters of electro- 
stimulation must be continuously adjusted to the changes 
which have already developed in the bladder function due 
to the treatment. Initially the intramural receptors are 
hyperpolarized owing to the lack of efferent impulses, 
which are necessary to maintain a base level of sensitivity. 
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Chart of urodynamics during IVES. 


The first period of treatment is dedicated to change this 
state and effect depolarization of the receptors. When this 
new ‘normal state is achieved, the receptor system is able to 
transport its own stimuli through afferentation. Sometimes 
this is the longest part of the treatment. The first contrac- 
tions may develop from local contacts among stimulated 
receptors and intramural motor neurons. Contractions 
reciprocally activate the pressure receptors. Stronger con- 
tractions with prolonged duration are activated from 
higher parts of the nervous system. It is not known how the 
new information reaches the cerebral cortex, nevertheless, 
in many MMC patients a real urge to void develops after 
several months of treatment. Patients usually indicate 
‘funny’ sensations in their tummy, corresponding to 
increased pressure in the bladder, recorded manometri- 
cally. Neuro-urodynamic control shows some kind of 
desynchronization in the EEG record, which corresponds 
to vegetative orientation. When this level is reached, the 
next goal is to build up conscious bladder control. In 
infants this level correlates with the appearance of dry and 


Therapy 
tay} is indicated only after 


Figure 65.9 

The patient (infant or child) is catheterized with an electrocatheter, 
and the bladder is filled with sterile, colored saline. The electric 
stimulus depolarizes the intramural sensory (pressure) receptors 
and bioelectric impulses arise. These are transported through 
intact sensory axons to the central nervous system in case of 
incomplete lesion of the spinal cord or its nerves. Cooperative 
children can observe the colored fluid in the manometer. 


wet periods, stream urination, and the disappearance of 
‘dripping’ (Figure 65.9). 


Results 


The first aim of IVES is to achieve and maintain the infan- 
tile control of the bladder (i.e. stream urination, complete 
evacuation of the bladder without any residual, the devel- 
opment of dry and wet periods, prevention of dripping due 
to movements or crying, and strengthening of the urge to 
void, which at this age is not conscious. To realize this goal, 
regular continuous IVES was provided 5 times a week for 
1.5-2 years, occasionally interrupted after the first year of 
life for 2-3 weeks. After this period the treatment was con- 
tinued, and the patients were treated regularly on a 
3-month treatment 3-month interval schedule, until three 
or three-and-a-half years of age. At this age, the child’s level 
of cooperation level permits the development of voluntary 
control, based on the activated sensation of the urge to 
void. The treatment was finished when the patient reached 
between four and four-and-a-half years. 

With cooperative children, realization of conscious blad- 
der control starts with the help of biofeedback and regular 
toilet training. The first step of biofeedback happens 
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Types of abnormal voiding at the conclusion of IVES in the 161 MMC patients. 


during the intravesical stimulation. The bladder, which is 
connected to a water manometer system, is filled with a 
colored sterile solution (NaCl + xantichridine). When the 
detrusor contracts the level of the fluid in the manometer 
system increases. The patient can see this elevation, and 
starts to sense the strange sensation simultaneously. The 
child is informed that the ‘strange’ sensation is the feeling 
of the urge to void and is instructed to stop fluid level ele- 
vation. With the help of IVES, the patient is gradually able 


to fulfill this instruction, and the regular feedback trials 
help him/her to learn how to do it automatically, without 
pelvic exertion. Later this practice follows without stimula- 
tion. In this way the MMC child may become clinically and 
socially continent. At the conclusion of regular IVES, those 
MMC children, who are considered continent are able to 
voluntarily control their bladder; they are familiar with the 
sensation of urge to void, can withhold urination, until 
they reach the toilet, and can urinate in stream, without 
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residual, and are dry for at least 3 hours. Those who can 
feel the sensation of urge to void, but this sensation is occa- 
sionally not strong enough, and those who cannot with- 
hold it for a sufficiently long time to reach the toilet, and 
are dry for 1.5 hours, are considered ‘partially continents’ 
(Figures 65.10-65.12). 

IVES for diagnostics and IVES for therapy are strongly 
correlated. Changes in electric parameters and catheter 
positions (inside the bladder, bladder neck) must continu- 
ously correspond to actual diagnostic results during the 
sessions, from the beginning to the conclusion of the ther- 
apy. Regular diagnostic check-ups are made to identify the 
state of bladder innervation and the results compared with 


Figure 65.13 
Results of intrarectal electrotherapy of 
87 MMC infants with constipation. 


80 


the state of voiding, adaptation of age-dependent require- 
ments, and social situations (family, kindergarten). 

The functional state of the pelvic floor has both direct 
and indirect influences on bladder function. Dyssynergy 
often develops and regular training of the pelvic floor mus- 
cles may offer additional help to IVES. Therapeutic train- 
ing must begin immediately after wound healing. At this 
early age the only way to activate the pelvic floor is by the 
regular application of elementary sensorimotor functions, 
for example activated elementary crawling. This kind of 
training also helps to maintain the integrity of all inner- 
vated muscles (the hip and lower extremities). Later, the 
development of bipedal walking may help in toileting.” 
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Anal incontinence and constipation are frequent accom- 
panying factors. Electrotherapy of the loose anal sphincter 
and the inefficient bowel motility can reduce these addi- 
tional symptoms of MMC.”? This therapy is performed 
with a different kind of electric current. The active elec- 
trode is a modified rectal tube, with a 2 cm wide silver ring 
running smoothly near the tip on the outer surface of the 
tube, and the cable inside. The duration of the stimulation 
is usually 15 minutes, and it is effected after bladder stim- 
ulation (Figure 65.13). 
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Fecal incontinence management in the neurogenic 


bladder patient 


Anthony R Stone, Paula J Wagner, and Angela DiGrande 


Introduction 


Bowel dysfunction often goes hand in hand with neurogenic 
bladder. Practitioners dealing with the bladder issues in neu- 
rogenic or neuropathic patients need to pay similar attention 
to bowel dysfunction. It is of little use to patients to have 
achieved bladder control, when fecal incontinence is still a 
problem. Bowel care is a quality of life issue that significantly 
impacts a patient’s psychosocial, physical, and emotional 
well-being.! Chronic constipation, fecal impaction, and 
recurring fecal incontinence are also associated with signifi- 
cant morbidity including abdominal discomfort, nausea, 
vomiting, diminished appetite, urinary tract infections, skin 
breakdown, rectal fissures, rectal prolapse, megacolon, 
intestinal obstruction, VP shunt malfunction, bowel perfo- 
ration, and even death. It is recognized that establishing an 
acceptable and effective treatment plan involves time, com- 
mitment, teamwork, and an understanding of the factors 
that can affect compliance and success. Patient assessment 
and education on bowel care need to be initiated as early as 
possible in the disease process. 

This chapter will emphasize the management of bowel 
dysfunction in patients with spina bifida and after spinal 
cord injury. The principles outlined can, however, 
be applied to all neurogenic bladder patients, including 
those with degenerative spinal cord pathology and multiple 
sclerosis (MS). 


Spectrum of problem 


The prevalence and spectrum of bowel dysfunction 
depends on how this problem is defined. In spina bifida, 
fecal incontinence has been reported to range from as low 
as 28% to over 90%. Problems with defecation are consis- 
tently reported to be >85%.’ In spinal cord injury, some 
degree of fecal incontinence affecting quality of life has 
been reported in up to 62% of patients. This prevalence 
depends on the level of the lesion and whether it is 


complete or not. Vallès et al? have correlated the nature of 
the dysfunction to the level of lesion and colonic transit 
time, identifying three broad patterns of behavior: lesions 
below T7 are characterized by constipation (86%) and 
occasional incontinence; lesions above T7 with preserved 
sacral reflexes have far less constipation, significant defeca- 
tory difficulty, and also occasional incontinence, and 
lesions above T7 without sacral reflexes, with not very fre- 
quent constipation (56%), have less defecatory difficulty 
and a greater severity of incontinence. These patterns of 
bowel behavior can be applied broadly to all neurogenic 
patients and allow a rational approach to management. 


Quality of life 


There are no specific measures to assess the relative quality 
of life (QoL) impacts of fecal incontinence and bowel dif- 
ficulty on bladder problems. Although the problems faced 
are similar, bowel dysfunction poses specific problems to 
the patient, including management of accidents, use of 
protective garments, time required on bowel issues and 
additional support for a bowel program, as well as the 
impact of the medical issues listed above. Several tools have 
been developed to determine the impact of fecal inconti- 
nence on aspects of QoL. Krogh et al* conducted a study to 
develop and validate a symptom-based tool to score neu- 
rogenic bowel dysfunction. The authors were able to corre- 
late self-reported bowel dysfunction scores with impact 
on QoL. Although this study focused on patients with 
spinal cord injury, it may have applicability to other patient 
populations with neurogenic bowel dysfunction. 

The Fecal Incontinence Quality of Life (FIQL) tool has 
been shown to be valid and reliable by the American 
Cancer Society of Colon and Rectal Surgeons. This tool, 
developed for use in adults, evaluates four distinct 
domains: lifestyle, coping/behavior, depression/self- 
perception, and embarrassment. Each of the items is scored 
on a 5-point Likert scale.° 
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Psychosocial and 
developmental 
considerations 


The spina bifida patient presents a unique illustration 
of the effects of bowel dysfunction, on multiple levels, 
across the whole lifespan. Starting in early infancy, the time 
and resources involved in monitoring and managing con- 
stipation, fecal impaction, and fecal incontinence can be 
significant. Caring for a newborn is stressful for any parent. 
Management of neurogenic bowel during the infant and 
toddler years can add to the caregiver’s burden, often 
resulting in parental time taken away from other responsi- 
bilities. This can include spousal relationships, sibling care, 
social obligations, and employment. Missed time from 
work, frequent visits to the physician, and costly medica- 
tions or supplies can drain a family’s limited financial 
resources. The continual soiling can contribute to skin 
breakdown and urinary tract infections. Chronic constipa- 
tion with impaction can impair the young child’s appetite, 
potentially affecting the child’s overall nutritional status 
and growth. 

As the child moves into the preschool/school age years, 
the inability to be toilet trained can create barriers to 
entrance into the daycare, preschool, or school settings. 
Development of independence, self-esteem, and self- 
concept are all negatively impacted. The child with a poorly 
managed neurogenic bowel often has problems with school 
attendance, and lacks opportunities to develop and main- 
tain peer relationships or engage in age-appropriate recre- 
ational and social activities. Peer relationships can be 
particularly stressful, as children can be quite cruel in their 
dealings with classmates who are different. The need to 
wear diapers and the smell of excrement can present an 
impossible situation for the young child. Many parents will 
‘opt out’ of the traditional school setting in favor of home 
schooling, primarily for this reason. 

As the child enters the adolescent years, peer contacts 
and relationships become increasingly important. Bowel 
incontinence can interfere with the teen’s emerging sense 
of self, their need for independence, dating, and sexuality. 
Opportunities for participation in healthy recreation, 
higher education, and employment can also be affected. As 
health care professionals, we need to be proactive, looking 
at patients across the lifespan. Our goal is to promote reg- 
ular bowel emptying and fecal continence through an indi- 
vidualized bowel management program, while fostering 
independence. 

When working with children, it is important to establish a 
good rapport with the parents. Listening to and valuing 
parental concerns is key to their developing trust in the 
healthcare team. Patients and families may be reluctant or 
embarrassed to openly discuss their experiences and the 
impact it is having on their lives. Parents may view their 


child’s bowel program failures as a reflection of their parent- 
ing ability. Current perceptions, past experiences, and fear of 
failures do affect a patient’s or family’s receptiveness to trying 
alternative management strategies. Families may be reassured 
to know that there may be periodic temporary set-backs. 
They need to be advised that each individual is unique and 
that no one program works well for every individual. 

These factors will be just as important in the adolescent 
and adult patient with acquired neuropathy. Fear of bowel 
accidents will similarly and significantly impact the 
psychosocial and physical well-being of these patients. 


Bowel management program 
Goals 


The goals of a bowel management program are (1) to con- 
trol constipation, (2) allow elimination at a socially accept- 
able time, and (3) foster independence.> The bowel 
management program is a series of interventions aimed at 
achieving these goals. 


Patient assessment 


There are multiple factors to take into consideration in 
prescribing a bowel management program. These will 
include patient age, degree of disability, primary neuro- 
logic diagnosis, support personnel, home circumstances, 
patient goals, and overall motivation. This list of factors, 
although not exhaustive, will come in to play in the man- 
agement of these patients at all times. 


Bowel history 


The bowel history should include the basics of bowel move- 
ment intervals, timing, amount, diameter, consistency, and 
what percentage of stool is deposited into the toilet or diaper. 
Are the stools a planned or unplanned event? The patient is 
asked about factors that affect their stool consistency, fre- 
quency, and incontinence. Factors that may affect frequency 
of defecation include fluid intake, diet, use of bulking agents, 
medications, activity levels, and emotional status, etc. 

It is important to know who performs the bowel care. Is 
the patient independent? Does he/she require assistance? If 
so, what level or type of assistance is required? Is that assis- 
tance available when needed? Where is the toileting per- 
formed in home and out of the home? Are there bathroom 
access issues? 

Determine what the patient has tried in the past, what 
has worked and what hasn't. Obtain specific information 
on how the past program was implemented. A bowel func- 
tion and dietary log can be helpful in identifying patterns. 
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It also facilitates tracking of the patient’s progress once an 
intervention is implemented. 

Relevant past medical history should include achieve- 
ment of developmental milestones, ability to toilet train, 
disorders or surgery of the gastrointestinal tract, anorectal 
surgery, trauma or malformations, pelvic or gynecologic 
surgery, pregnancies and outcomes, back surgery or 
trauma, neurologic disease, level of the spinal lesion, dia- 
betes, urinary incontinence, and medication usage (pre- 
scribed, over-the-counter, herbal preparations). 

In children, eliciting a bowel function history needs specific 
tools. In general, the bowel history starts with the patient or 
family’s description of the problem in their own words, 
including a list of their major defecatory problems. Current 
bowel management must be documented with attention 
placed on how this is affecting their daily life and activities. 
The timing of the various problems should be noted along 
with the patient’s overall treatment goals. Level of satisfaction 
with their current regime is documented. Patients may not be 
on any formal program, or may describe long periods with no 
bowel accidents (accompanied by little to no stool). This ‘con- 
trolled constipation’ with infrequent emptying is not consid- 
ered to be an appropriate bowel program. 


Physical exam 


The initial evaluation needs to include an assessment of the 
individual’s knowledge, cognition, and function to deter- 
mine their overall capacity to be able to learn to perform or 
direct a caregiver to provide for their bowel care program. 
The assessment should cover vital signs, growth parame- 
ters, general hygiene, developmental age, gait (where 
applicable), body habitus, sitting balance and tolerance, 
ability to transfer, upper extremity proprioception and 
strength, hand and arm function, spasticity, anthropomet- 
rics, and skin problems or risks. 

Abdominal exam assesses palpable stool along the 
course of the large intestine. Note any surgical scars. 
Inspect the back, noting any hairy tufts or dimpling at the 
base of the spine or scars from previous spinal surgery. 
Note the position of the anus and observe the sphincter at 
rest as open or closed. Inspect for rectal tags, fissures, pro- 
lapse or skin breaks/rashes, or hemorrhoids. Check for anal 
wink. Perform digital exam for rectal sphincter tone and 
the ability to voluntarily contract/relax the sphincter. Note 
the presence and type of stool present in the rectal vault. 

The neurologic exam should include muscle tone and 
strength, presence of extremity spasticity, cremasteric reflex, 
and deep tendon reflexes. If appropriate, the amount of 
reflex activity retained below the lesion should be assessed. 
If the reflex pathways are functional and can be used to ini- 
tiate defecation, management will be less challenging. In 
addition, in such upper motor neuron type patients, the 
goal is to keep the stool soft/firm, with evacuation recom- 


mended at least every other day. In lower motor neuron 
impairment with loss of reflex activity, the bowel is areflexic 
(damage at or below T12). These patients will be unrespon- 
sive to digital stimulation, as the sacral reflex arc at S2—4 has 
been partially or completely affected by the disease or 
injury. The goal in this group of patients is to keep the stool 
soft and formed and the rectal vault empty. This assessment 
is relatively straightforward in the spinal cord patient, but 
less clearcut in spina bifida or in MS. 


Diagnostics testing 


Generally specific tests of bowel function are unnecessary. 
Unless required for the diagnosis and management of the 
neurologic condition, tests such as anorectal manometry, 
transit studies, and/or defecography rarely add to improv- 
ing bowel care. An abdominal plain X-ray (kidneys, ureter 
and bladder view) is useful to determine the amount of 
stool present in the colon. It is also helpful when working 
with families who may not be able to visualize or compre- 
hend the extent of the problem. 


Management 


A ‘team approach including the patient, caregivers, healthcare 
providers, community primary care physician, and, in chil- 
dren, the school nurse, is necessary. Developing a plan that is 
acceptable to the patient, family, and caregivers will improve 
overall compliance. Patients and families need education on 
all aspects of the proposed bowel care program and to have an 
opportunity to address their concerns. Communication is 
enhanced when families have a specific point of contact to dis- 
cuss issues, questions, or concerns. Finding an effective treat- 
ment plan may take weeks to months. Close follow-up is 
important so that evaluation and adjustments to the program 
can be made, if needed. The plan developed will again depend 
on close collaboration between all parties. 


Nonsurgical management 


Dietary management The basic components of an 
effective program include a healthy, high fiber diet, plenty 
of fluids, some form of regular exercise and activity, a 
consistent daily time for toileting, and a large measure of 
patience. Fiber is needed for stool consistency. Typical daily 
dietary intake may not include an adequate source of fiber. 
Several over-the-counter fiber supplements are currently 
available; however, some may not be appropriate for use in 
young children. Williams et al? have recommended a 
minimum amount of dietary fiber equivalent to the child’s 
age plus 5 g per day for children over 2 years of age. The 
recommended dose of fiber in the average adult patient 
with neurogenic bowel is 15 g/day. These are starting 
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recommendations, from which adjustments can be made 
based on the quantity, frequency, and quality of the stool 
produced. The best sources of fiber will come from natural 
sources; however, dietary habits may preclude adequate 
daily dietary intake. Patient care pamphlets on culturally 
relevant dietary recommendations for sources of dietary 
fiber or an evaluation with the nutritionist may prove to be 
helpful in getting patients started. 

Fluid intake is also essential to optimal stool consistency. 
Patients will often do better with fluid intake if specific rec- 
ommendations are made regarding daily fluid require- 
ments. Maintenance fluid requirements for age should be 
reviewed and incorporated into the dietary recommenda- 
tions for your patient. 


Physical activity and exercise Activity should be 
encouraged as part of the overall treatment plan. This is 
obviously a problem in individuals who have limited 
mobility and who may be socially isolated because of their 
disability. Regular exercise not only supports cardiovascular 
health, mood, and weight management, but also enhances 
intestinal motility. Collaboration with rehabilitation 
physicians, nurses, and physical therapists is essential to 
identify resources to optimize exercise and physical activity. 


Timed toileting As described, a program of regular and 
scheduled emptyings is the mainstay of management and 
should be emphasized. Input by caregivers will be essential 
in initiating this and many of the following management 
steps. Simple Valsalva techniques may be required with this 
program. 


Rectal stimulation and evacuation In the patients with 
reflexic bowel function, the defecation reflex should be 
triggered as part of the bowel program. Digital stimulation 
is the mainstay of this process, but may need to be 
enhanced, using suppositories, enemas, or a combination 
of these methods. In patients with areflexic bowel, a 
manual evacuation technique may be necessary. 


Pharmacologic agents Prior to establishing a successful 
daily bowel program, the patient may require a thorough 
bowel ‘clean-out’ This can best be accomplished with the use 
of oral agents to soften the stool mass. Polyethyleneglycol 
(PEG) has worked extremely well for this, particularly in the 
pediatric population. It is odorless, colorless, and tasteless, 
thus passing the all-important ‘kid palatability’ test. It can be 
mixed in any beverage, including water, and titrated by 
weight and effect. There is minimal absorption via the 
intestine when administered orally and it is excreted 
unchanged in the urine. 

The clean-out regimen is generally given over a period of 
5 to 7 days, as the hard stool is rehydrated. Some patients 
may require a longer period of time. Adequate fluid intake 
during clean-out is recommended for all patients. A rectal 


check should be performed prior to starting the program, 
as hard stool in the rectal vault could present blockage to 
the further movement of stool and initial disimpaction will 
be necessary. Once a thorough bowel clean-out has been 
achieved, the daily maintenance bowel-emptying regimen 
can be established. This may be as simple as timed toileting 
via Valsalva after meals, or the use of a mini enema or sup- 
pository to induce rectal emptying may be necessary. 
Bisacodyl suppositories or docusate sodium mini enemas 
are the most popular in this area. Laxatives are generally 
minimally helpful in long-term bowel management. Their 
use is often abandoned due to the unpredictability of 
action and the resultant increased loss of control. 


Enema techniques In some situations, especially with 
lower motor neuron type bowel function, the bowel 
program will need to be supplemented with formal enemas. 
Various techniques have been described including pulsed 
irrigation evacuation (PIE) and transrectal irrigation, using 
a specialized stoma cone.®” 


Biofeedback training Specially trained physiotherapists 
help patients learn bowel movement techniques through 
biofeedback. The patient must have some sensory awareness 
for this to work. The process helps patients to isolate, 
identify, and strengthen related muscles, sense when the 
stool is ready to be evacuated, and contract the muscles 
if evacuation is inconvenient. This technique requires 
careful patient selection, as it requires a significant time 
commitment and follow-through from patients and 
families. '° 


Surgical management 


When a patient cannot be established on a successful bowel 
program, surgical options may be indicated. In most cases 
the decision to opt for surgery will be dictated by QoL 
factors rather than medical indications. Since the introduc- 
tion of antegrade colonic enema techniques in children, 
especially those with spina bifida, the QoL benefits and 
improved independence have been so dramatic that the 
decision is made very easily and at increasingly younger 
ages. Important factors to consider when evaluating surgi- 
cal options include the patient’s age, existing comorbidities, 
prior abdominal surgeries, presence of ventrico-peritoneal 
(VP) shunt or other devices, history of complications 
associated with surgery or anesthetic, and ability for the 
patient to be independent with the bowel program (or ease 
of burden for the caregivers). 


Sacral nerve stimulation Sacral nerve stimulation 
(neuromodulation), similar in technique to that used for 
urge incontinence, has been used in spinal cord patients.'! A 
significant improvement in the frequency of accidents and 
ability to defer defecation was observed. The indications 
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and long-term success of this modality have not been 
established at this time. 


Antegrade enema techniques The most dramatic 
improvement in bowel management, specifically in the 
spina bifida population, occurred with the introduction, 
by Malone, of the antegrade colonic enema procedure.” 


Malone antegrade continence enema The Malone ante- 
grade continence enema (MACE) has proved invaluable in 
the management of children and adults with fecal inconti- 
nence. In the neurogenic population, it has mostly been 
used in the spina bifida population. There are anecdotal 
reports of its use in lower motor neuron spinal cord 
injured patients also. This simple operation utilizes the 
appendix as a conduit to the colon. In Malone’s original 
description the appendix was detached from the cecum on 
its mesentery, reversed, and reimplanted into the cecum. 
Subsequent techniques leave the appendix in situ and pli- 
cate the appendiceal—cecal junction. Presently, no attempt 
is made to reinforce this valve. The appendix is brought 
out to skin level and a continent catheterizable stoma 
is created (appendicostomy), typically located in the 
umbilicus. 

In many cases, the MACE is accomplished at the time of 
surgical correction of urinary incontinence. In view of its 
success in managing bowel problems in this group of 
patients, our threshold for recommending this is quite low. 
Once the decision to correct the bladder dysfunction is 
made, many patients and/or parents will request the MACE 
procedure, even if their bowel programs are relatively suc- 
cessful. In the face of ‘sluggish’ bowel function, antegrade 
enemas are more efficient than the best ‘conservative’ 
bowel program. 

Patients introduce a catheter into the stoma to adminis- 
ter a daily antegrade colonic enema. The wash-out effect 
and the simulated colonic peristalsis will empty the colon 
and rectum. Thus, chronic constipation is prevented and 
fecal incontinence dramatically improved. Overall success 
rates have been described in the range of 60 to 90%." 
Retrospective studies have demonstrated a significant 
improvement in fecal incontinence post-procedure when 
compared to the patient’s previous bowel care program.'* 
The newly gained continence has resulted in significant 
improvement in all QoL domains. 


Laparascopic approach The procedure can be performed 
laparoscopically, bringing the appendix out through an 
umbilical or right iliac fossa port site and suturing the 
opened appendix to the skin ex vivo. The simplicity and 
safety of this technique have encouraged the use of this 
procedure in younger children, even accomplishing this 
prior to definitive surgical management of the urinary tract. 
It appears that it is easier to establish a good MACE bowel 
program before the onset of chronic constipation 


Alternatives to appendix If the appendix has been 
removed, is unsuitable for use as a conduit, or the clinician 
may wish to use it for a Mitrofanoff construction, several 
alternative strategies are available. There are reports in the 
literature of using the terminal ileum, necessitating an 
ileo-tranverse anastomosis to restore intestinal continuity. 
Additionally, some authors have formed a Monti type 
bowel tube for this purpose.'® We prefer to use a cecal flap 
to construct a neoappendix, as it obviates the need for an 
additional bowel anastomosis. An anterior cecal flap with 
its base at the antimesenteric border is dissected. This is 
rolled into a tube over a 12 or 14F catheter and then folded 
back over the cecum. The adjacent cecum is then 
embrocated over the tube to support it and form a valve.” 
This neoappendix may be brought out at the umbilicus or 
iliac fossa, in similar fashion to a native appendix. 


Cecostomy A useful alternative to the appendix is to 
insert a cecostomy tube. Indications for this will be similar 
to those where the appendix is absent, unsuitable, or 
unavailable. Some surgeons use this technique primarily, 
feeling that the appendix is sufficiently unreliable and they 
would rather use this simple alternative. The cecostomy 
is created by mobilizing the anterior cecum and placing a 
12 or 14F catheter through a small cecostomy. A purse- 
string suture is placed around this to prevent peritoneal 
soiling and the tube is brought through a right iliac fossa 
stab incision. The cecum should be anchored to the 
adjacent parietal peritoneum to support the cecum against 
the abdominal wall. The catheter is left in place for 6 weeks 
to allow the cecostomy track to mature. The catheter can 
then be exchanged for a cecostomy (gastrostomy) button, 
as a simple outpatient procedure. These buttons are then 
exchanged every 3—4 months." 

The cecostomy may be successfully placed anywhere in 
the colon. Patients may have had their right colons 
removed, may have significant adhesions, or the VP shunt 
may impact this decision. 

A cecostomy may be accomplished percutaneously, under 
fluoroscopic control, using conscious sedation.” Placement 
of the catheter is performed under direct fluoroscopy. It can 
be completed in an outpatient setting with local anesthetics 
and conscious sedation. Additional benefits are that it is 
minimally invasive, esthetically more appealing than the tra- 
ditional cecostomy tube, the tube prevents stenosis, there is 
a shorter recovery time and a decreased length of hospital 
stay, patients can swim after healing, and it is reported to be 
a more comfortable device. Risks associated with this proce- 
dure include the development of granulation tissue at the 
site, skin irritation and pressure necrosis at the site, cellulitis, 
and the risk of perforation and sepsis. 


Pre- and postoperative antegrade enema management 
Good bowel preparation is required prior to all these 
procedures. Clearly, from a safety point of view this is 
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essential, but many of these patients will have significant 
constipation. A good clean-out will make establishment of 
the bowel program much easier. Postoperatively, colonic 
irrigation is commenced as early as possible through the 
stenting catheter prior to commencing catheterization of 
the MACE or placement of the cecostomy button. 

It is recommended that patients access the stoma daily. 
The most common solutions used to irrigate the bowel are 
tap water, saline, PEG, and phosphate enema. The type, 
volume, and frequency must be individualized for each 
patient. Volumes may vary from 300 to 1500 ml. We rec- 
ommend starting with a smaller volume (based on the size 
of the patient). The goal is to evacuate the bowels daily, 
with no unplanned bowel movements in-between. If the 
patient continues to have unplanned movements, or has 
minimal or no result from the day’s irrigation, we recom- 
mend increasing the daily volume by 50 ml increments, 
until the desired results are achieved. Tap water usage has 
been found to be safe for use. It is recommended that 
households requiring water softeners use bottled water for 
the procedure. 

Patients are instructed to complete the bowel program at 
approximately the same time every day, typically after a 
meal. This takes advantage of the gastro-colic reflex. The 
irrigation solution can be delivered via a hanging enteral 
feeding bag, attached to a funnel-end urinary catheter. The 
irrigation solution can be run in by gravity, pumped, or 
pushed by syringe. The patient sits on the toilet, adminis- 
ters the irrigation, and waits for stool to be evacuated. Most 
patients report the entire process takes approximately 
20-60 minutes. A padded toilet seat and arm and foot sup- 
ports are recommended for patients with impaired sensa- 
tion, balance, or mobility. 

If a patient experiences difficulty with catheterization of 
the stoma, we recommend that they leave the catheter in 
and capped on completion of the irrigation. The catheter 
should be left in place for a period of 72 hours. The MACE 
is still accessible for use, and the catheter in place may assist 
in preventing stoma closure. If access difficulties persist, the 
stoma may require dilatation or a minor surgical revision. 

Reported complications with the procedure include the 
risk of anesthetic, bleeding, peritonitis, bowel perforation, 
abscess formation, intestinal obstruction, leakage at the 
stoma site, stenosis of the stoma site, and superficial 
wound infections.” In our experience, the most common 
occurrences are stomal leaks or stenosis. Leakage may 
resolve if patients are instructed to make sure the catheter 
is inserted far enough into the tract and to ‘pinch off’ the 
irrigation tubing prior to removal from the stoma. If leak- 
age persists, a stomal revision may be indicated. A silicone 
stoma plug (MACE stopper) is now available and may be 
useful in selected patients. Continued or recurrent fecal 
accidents usually reflect poor or inefficient wash-outs. 
Patients should be evaluated with plain X-ray and rectal 
exam. Management of these problems requires counseling 


and alteration in technique, which may include increasing 
the volume of irrigation or addition of PEG to the washout. 
Occasionally the bowel may become so impacted that 
complete wash-out and possibly fecal disimpaction may 
be required prior to recommencing the regular irrigation 
program. 

The success of these programs, as with any of the bowel 
programs described, needs continued commitment by the 
patient and caregivers. Additionally, support by trained 
nursing staff is essential. Although bowel care can be sig- 
nificantly improved with the MACE, improvements are not 
100%. Patients and families should be advised during their 
preoperative counseling that they will need to make a daily 
time commitment, that their program will require fine- 
tuning afterwards, and that, for some, continued problems 
with periodic constipation and accidents may occur 


Colostomy Colostomy may be used as a last resort for 
treating fecal incontinence. Indications are mostly relative 
and will include a combination of intractable bowel issues, 
severe disability, and problems with care support. Very 
occasionally the colon may become so obtunded that 
bowel diversion becomes a matter of urgency. Patients who 
fit into this category are usually quadriplegic or have severe 
progressive MS. Careful selection of the stoma site should 
be applied as body habitus and chair bound status will 
impact significantly into this decision. 


Summary 


When faced with a patient with neurologic disease, it is 
essential to assess and treat all functional deficits including 
bowel dysfunction. This chapter outlines the management 
options available to improve this. In the majority of 
patients, the simple conservative measures outlined will 
suffice. Success of these will depend on a team approach 
including the patient, caregiver, rehabilitation nurses, 
social worker, physical therapist, and occupational thera- 
pist. The physician will have a relatively minor role. 
Surgical options are available for selected patients, specifi- 
cally spina bifida children and adolescents, and a few adults 
with severe neurologic disability. 
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Adult meningo-myelocele 


JLH Ruud Bosch 


Introduction 


Meningo-myelocele (MMC) and spina bifida occulta 
are by far the commonest causes of neurogenic bladder 
dysfunction in childhood, and can also be the cause of 
significant problems in adults, with complications such as 
incontinence, obstructive uropathy, vesicoureteric reflux, 
pyelonephritis, and subsequent renal failure. In the major- 
ity of the spina bifida cases, the lumbosacral region is 
involved, leading to neurogenic disturbance of urogenital, 
colorectal, and pelvic floor function. 

The mortality of MMC patients was high before the 
1940s. A change in prognosis occurred in a step-wise 
fashion in the second half of the 20th century. Initially, 
improved obstetric and neonatal care resulted in an 
increase of surviving MMC children by the end of the first 
half of the 20th century. More aggressive neurosurgical 
management including early closure of the neural tube 
defect and shunting techniques for the accompanying 
hydrocephalus followed this. Thereafter, many of these 
children received comprehensive health care. In many 
developed countries management and follow-up protocols 
were developed and delivered by multidisciplinary teams. 
These teams usually involved a pediatric nephrologist, 
neurosurgeon, orthopedic surgeon, and urologist. A much 
higher number of severely affected children now reach 
adulthood and 97% of these have urogenital problems.! 

A new phase may have been entered since the recognition 
of the role of folic acid supplementation for all women of 
childbearing age as an important measure in the prevention 
of neural tube defects. In the US and in Australia a statistically 
significant decrease in the prevalence of neural tube defects 
has been noticed after enrichment of certain foods with folic 
acid.” Therefore it is recommended that all women of child- 
bearing age consume 0.4 mg of folic acid daily. 

An abnormality such as a meningocele that is an exten- 
sion of the dural sac outside the spinal canal (usually 
through a posterior defect) may be seen on fetal ultrasound 
scanning. Although a diagnosis in utero by ultrasound and 
alpha-fetoprotein is now routinely possible, there may be 
very difficult management decisions to take, including the 


possibility of terminating the pregnancy. A more wide- 
spread use of preventive measures and the diagnosis of 
neural tube defects in early pregnancy will probably lead to 
a decrease of the number of adult patients with spina bifida 
within a few decades. 


Urodynamic types of lower 
urinary tract dysfunction 


Four basic types of lower urinary tract dysfunction have 
been identified in MMC patients. In a series of 111 chil- 
dren the following patterns were found: an ‘inactive detru- 
sor plus inactive pelvic floor’ in 32%; an ‘overactive 
detrusor and overactive pelvic floor’ were seen in 38%. A 
combination of ‘overactive pelvic floor plus inactive detru- 
sor’ and ‘inactive pelvic floor plus overactive detrusor’ was 
found in 12% and 9%, respectively. In 10%, normal lower 
urinary tract function was seen. So, more than 50% of the 
patients either had a normal or a low-pressure detrusor. 
The ‘classic’ urodynamic pattern of the lower urinary tract 
in young adults with MMC was formerly described as the 
‘inactive detrusor plus inactive pelvic floor’ or areflexive 
bladder with open vesical outlet.’ This, however, was 
mainly a reflection of the selection and survival of the 
‘fittest’, because these patients are at low risk for upper tract 
deterioration and only rarely develop vesicoureteral reflux 
and pyelonephritis.* More recently, adult patients with 
other urodynamic patterns are seen more frequently as well 
as adult patients who have undergone lower urinary tract 
reconstruction and those who are candidates for a kidney 
transplantation and need a low-pressure lower urinary 
tract to accept the transplant. 

Patients with a so-called overactive pelvic floor or 
dyssynergic sphincter are particularly at risk for upper uri- 
nary tract deterioration. If untreated, approximately 70% 
of neonates have or will develop hydroureteronephrosis.° 

Poor bladder compliance is another important problem 
in patients with abnormal detrusor function. Particularly 
detrimental to the function of the upper tracts and kidneys 
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is the combination of poor compliance and a nonrelaxing 
or dyssynergic sphincter. If the pressures in the bladder are 
almost permanently above 40 cmH,0, ureteral delivery of 
urine boluses to the bladder stops. Patients with an abdom- 
inal leak-point pressure above 40 cmH,O are at risk for 
upper tract damage.’ 

In a comprehensive urologic evaluation of 104 patients 
without adequate urologic management, during a median 
period of 5 years (range 5 months to 33 years) before pre- 
sentation to the neurourologist, Bruschini et alë found that, 
in those who had a detrusor leak-point pressure (DLPP) 
below 40 cmH,0, 5.2% presented with renal scars, whereas 
in those who had a DLPP of 40 cmH,O or higher, 37.8% 
showed scars. Stratification according to functional blad- 
der capacity above or below 33% of the expected volume 
for age also showed significant differences in the risk for 
renal scars (10% versus 33%). The more than 7 times 
increased risk of upper urinary tract damage in those with 
a DLPP 240 cmH,0 is probably an underestimation of the 
risk because of survival bias. 


Changing neurourologic 
lesion in meningo-myelocele 
patients 


In the series reported by van Gool, patients with a normal 
bladder function all had defects limited to the sacral area 
that had been surgically closed.* However, a normal lower 
urinary tract function in the early years of life is no guar- 
antee for the absence of future problems. Furthermore, the 
neurourologic status found at the initial postnatal exami- 
nation may change in more than a third of the tested chil- 
dren. In one series, the urethral sphincter innervation 
changed in 37% during the first 3 years of life; this necessi- 
tated a second neurosurgical procedure (most often 
untethering of the spinal cord) in 9%.° These findings 
emphasize the importance of close urodynamic surveil- 
lance during the first 3 years of life. However, these patients 
should be followed closely into adult age because they 
remain at risk for development of the so-called tethered 
cord syndrome. The pathogenesis of the tethered cord syn- 
drome is explained by traction on the lumber spinal cord 
between two fixation points. The upper fixation point is at 
the exit site of the posterior and anterior spinal nerve roots, 
and the lower fixation point is at the site of the tethering or 
the site of scar fixation from the previous neurosurgical 
closure. The repetitive injury to the small blood vessels due 
to stretching and kinking leads to a reduction of the blood 
supply to this section of the cord and consequent neuronal 
hypoxemia.’ The alternative explanation based on the con- 
cept of ‘abnormal ascent’ of the spinal cord during growth 
of the child is wrong: during the 8th week of fetal develop- 
ment the spinal cord has already attained the level of 


L1-2.!° The decision to neurosurgically untether the cord 
in patients with a normal bladder function is a difficult 
one, since there is no solid evidence that the function will 
deteriorate if the cord is not untethered; alternatively, 
about 11% of children with a normal bladder develop 
neurogenic bladder dysfunction after untethering." 


Principles of management of 
lower urinary tract 
dysfunction 


Preservation of kidney 
function 


The primary goal in the management of MMC patients is 
preservation of kidney function. To achieve this goal, the 
bladder should function as a low-pressure reservoir. 
Obstructive uropathy and high bladder pressures during a 
significant part of the filling phase are the most important 
causes of kidney failure in these patients. If, on urodynamic 
testing, the detrusor pressure begins to rise only above a 
filling volume of 300—400 ml, it is feasible for most patients 
to limit the high-pressure time by clean intermittent (self)- 
catheterization (CISC). If the compliance of the bladder is 
lower or if the detrusor is hyperreflexive even at relatively 
small volumes, the combination of anticholinergic drugs 
and CISC may achieve the goal of reasonable dryness 
and preservation of the upper tracts. However, if these 
measures fail, the bladder should be converted into a low- 
pressure reservoir; this can be achieved by several different 
surgical techniques, such as an augmentation cystoplasty 
(e.g. Clam ileocystoplasty) or autoaugmentation (detrusor 
myectomy).!? In those who have a very thick bladder wall 
substitution cystoplasty may be more appropriate." 
Continuation of CISC in these cases is the rule. Conversion 
of the lower urinary tract into a low-pressure reservoir by 
CISC with or without medication, augmentation, or diver- 
sion may not be able to prevent late renal failure if some 
kidney damage has already occurred."* In most adult MMC 
patients who come to our attention the issue of high 
pressures will have been taken care of at an earlier age. 
Several authors have shown that the early initiation of a 
proactive management protocol, preferably from the day of 
birth on, minimizes renal damage and reduces the need for 
surgery. Such a protocol includes CISC and antimuscarinic 
therapy with the addition of profylactic antibiotics in 
selected patients. Dik et al have reported on 144 patients 
with spina bifida aperta who were started on a proactive 
management protocol shortly after birth." Of these chil- 
dren, 4.2% had renal scarring after long-term follow-up. 
Five of the six patients with renal scarring were started 
on therapy with CISC and antimuscarinic therapy several 
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months after birth. Therefore, only 0.7% of those who 
started management immediately after birth developed 
renal scarring. At the age of 6, 77% of the children with 
spina bifida were dry, although 59% of those who were dry 
had not had a surgical intervention. Proactive treatment 
had resulted in a negligible loss of renal function, even 
though early urinary continence was included in the 
protocol as a treatment goal. 

Kessler et al presented a retrospective study on 133 
patients with MMC who were started on proactive neu- 
rourologic management as early as possible.'° Among 
others, 22 of these were initially evaluated and started on 
the management protocol after the age of 10 years, and 67 
between birth and the age of 2 years. Mean follow-up was 
9 and 11 years, respectively. The upper urinary tract func- 
tion was normal in 86% and 99%, respectively, at last 
follow-up (p = 0.012). Following failure of conservative 
therapy only, the proportions of patients undergoing sur- 
gical intervention with the intention to preserve or nor- 
malize the upper urinary tract function were significantly 
different (p = 0.0002), at 59% and 15%, respectively. 

These studies show that early proactive management, 
ideally started immediately after birth, improves upper uri- 
nary tract function and reduces the need for surgery in 
MMC patients in the long term. 


Urinary continence 


An unsolved problem of urinary incontinence may have a 
serious impact on quality of life. Incontinence is multifac- 
torial: hyperreflexia, decreased compliance, and sphinc- 
teric or pelvic floor incompetence all play a role. A 
comprehensive urodynamic examination can help to iden- 
tify these factors and determine their relative importance 
in the individual patient. 

Hyperreflexia can be addressed by medical treatment 
and both hyperreflexia and low compliance can be treated 
by an augmentation cystoplasty or detrusorectomy, usually 
in combination with CISC. More recently, the treatment of 
detrusor overactivity by intradetrusorial injections of 
botulinum-A toxin has proven to be a viable option in 
selected MMC patients.'” 

A poorly compliant bladder can also be treated with 
(auto)augmentation. When performing a bladder augmen- 
tation it is important to avoid the creation of an ‘hourglass’ 
deformity. A circular band of detrusor muscle, the 
so-called fundus ring, is situated in the bladder wall at a 
distance of about 2.5 cm from the bladder neck. If the fun- 
dus ring is not divided when clam shelling the bladder, it 
will contract and create the hourglass deformity. The blad- 
der has to be opened in such a fashion that the fundus ring 
is divided on both ends of the opened bladder. It is preferred 
to bring the bladder extraperitoneally by closing the peri- 
toneum around the vascular pedicle. Extraperitonization 


of the bladder seems to reduce the risk of spontaneous 
perforation of the bladder, a risk that is prominent in chil- 
dren and adolescents because of the tendency for poor 
compliance with CISC. 

A weak outlet can be treated by the creation of a fixed 
outlet resistance. To achieve this, techniques like injection 
of bulking agents, colposuspension, or a fascial sling (pub- 
oprostatic or pubovaginal) can be employed; again, CISC is 
usually needed as an adjunctive measure in these situa- 
tions. The artificial sphincter holds the theoretic promise 
of near normal voiding; however, in most patients with 
MMC this cannot be achieved. 

Alternatively, the natural outlet can be abandoned; the 
bladder neck can be closed and a catheterizable stoma, 
using the Mitrofanoff or Monti principle, can be created 
with or without an augmentation cystoplasty. The 
catheterizable stoma of the Monti or Mitrofanoff type is 
prone to complications. Stomal stenosis, mostly at skin 
level, is a frequently occurring complication; surgical revi- 
sion is often indicated. Stomal leakage of urine can be a 
frustrating complication: lengthening of the intravesical 
tunnel or reimplantation of the stoma will often be needed 
in such cases. 

A continent urinary diversion in the form of an Indiana 
pouch is another alternative. The life of many MMC 
patients it is made easy when they do not have to transfer 
out of the wheelchair to catheterize. 

Many surgical alternatives exist to reach urinary conti- 
nence. The Kropp and Pippi-Salle procedures rely on the cre- 
ation of a flap valve from the bladder neck. The Young-Dees, 
Tanagho, and Mitchell procedures lengthen the urethra. 

The neural tube defect mainly involves the dorsal part of 
the spinal cord. The neurologic deficit therefore is mainly 
determined by a sensory defect. In fact, about 90% of the 
anteriorly located motor neurons are intact in MMC 
patients.'® Therefore, despite the fact that the afferent parts 
of the sacral reflex arcs are absent or severely deficient, the 
efferent nerves to the sphincter and pelvic floor muscles 
may be responsive to electrical stimulation. Electrical stim- 
ulation of the pudendal nerve at the site of the ischial spine 
may improve urethral and anal sphincteric function in 
these patients.’ 

The reputation of the artificial urinary sphincter in 
MMC patients is somewhat poor, because placement of an 
artificial urinary sphincter (AUS) can lead to secondary 
changes in bladder function that may be detrimental to the 
upper urinary tract. Bladder overactivity or a decrease in 
bladder compliance may occur de novo after increasing the 
outflow resistance of the lower urinary tract by the implan- 
tation of an artificial sphincter.”°?! In one series, 32 of 47 
implanted patients who were implanted as children could 
be followed-up for a minimum of 10 years (mean 15.4 
years). There were 13 removals (due to erosion or infec- 
tion) and 19 sphincters were still intact (59.4%). Of these 
patients, 18 were dry and 7 of 19 voided spontaneously. 
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There were 0.03 revisions per patient-year and it was noted 
that 9 of 13 with placement after 1987 had not needed revi- 
sions. This series therefore shows that a long-term success- 
ful outcome of the AUS is possible in well-selected patients, 
even if the device is implanted at a young age.” 

The main advantage of the AUS is the potential preserva- 
tion of spontaneous voiding. However, in a population of 
patients with MMC, only 27% were able to void sponta- 
neously and were continent after the implantation of an 
AUS.?! One could therefore reason that other methods to 
increase the outflow resistance, such as a fascia sling proce- 
dure, would be preferable in these patients because the 
main advantage of the AUS, i.e. preservation of sponta- 
neous voiding, cannot be achieved in these patients anyway. 

Concerning the combination of enterocystoplasty and 
AUS placement, Furness et al have reviewed the literature 
and their own experience in 17 MMC patients.” Of these, 
3 had the AUS placed before the augmentation and 4 had 
the sphincter placed after the bladder augmentation. In 
10 patients the procedures were performed simultaneously. 
Based on the compiled literature data and their own 
results, they summarized that the infection rates were 
14.5% and 6.8% for simultaneous and staged procedures, 
respectively. However, these rates were not statistically dif- 
ferent. Only three of the reviewed papers reported rates for 
both the staged and the simultaneous procedures. In these 
papers the differences in infection rates were 40.5%, 18.2%, 
and 3.7%, with the simultaneous procedures always show- 
ing the higher rates. In their own series the difference was 
4.3%. There are many factors that can mitigate the infec- 
tion rate, but this review did not control for any of the pos- 
sible factors like other simultaneous reconstructive 
procedures, duration of the procedure, positive preopera- 
tive urine cultures, type of bowel used, or antibiotic pro- 
phylaxis. Miller et al did not find an influence of these 
factors, except for type of bowel used.” Gastrocystoplasty 
was associated with a 0% infection rate. The overall AUS 
infection rate in their series was 6.9%. However, it was 20% 
excluding the gastrocystoplasties. 

Other important questions in relation to the bladder 
augmentation are: Who needs a bladder augmentation in 
combination with an AUS or fascial sling procedure and 
are there urodynamic parameters that can predict the 
necessity for enterocystoplasty? 

In their retrospective review, Miller et al?’ found that the 
average bladder compliance of those in whom an augmen- 
tation was performed was 7.8 ml/cmH,O; in 2 patients the 
compliance was more than 10 ml/cmH,O and in none of 
the patients was it less than 2 ml/cmH,O. 

Kronner et al** found that 15 of 38 MMC patients 
(39.5%), who were younger than 18 years at the time of the 
implant, subsequently required augmentation after a mean 
follow-up of 101 months. The mean time to augmentation 
was 49 (range 10-118) months. An augmentation was per- 
formed if urodynamics had worsened. Repeat urodynamic 


tests were performed when intractable incontinence 
and/or upper tract changes occurred. Before the implant of 
the AUS, the bladder capacity and the compliance were not 
significantly different between the patients who were (8.0 + 
4.8 ml/cmH,O) and those who were not (7.0 + 3.3 ml/ 
cmH,0O) treated by bladder augmentation (p = 0.45). The 
authors contended that cut-off values of bladder compli- 
ance below which others have recommended simultaneous 
augmentation, such as bladder compliance below 2 and 
below 6.7 ml/cmH,0O, are inaccurate. In fact, many of their 
patients had a compliance below one of these cut-off val- 
ues but did not need an augmentation. It should be noted, 
however, that the original group consisted of 80 patients; of 
these, 35 underwent a primary augmentation because of 
severely decreased compliance or capacity. So it seems that 
the jury is still out on this subject. Furthermore, Spiess et al 
reported that the long-term survival of the AUS in boys 
with spina bifida rarely exceeded 8 to 9 years, questioning 
whether the AUS is a good choice in children with neuro- 
genic urinary incontinence. 7° 

It is clear that a plethora of operative techniques exists 
for the above-mentioned problems. Many authors have 
reported the results of a particular technique; however, it 
remains unclear whether the results are reproducible by 
others. It is also unclear whether the presented techniques 
result in better outcomes than other surgical techniques, 
since up until now not a single randomized controlled 
study comparing two surgical techniques has been 
reported. 

A large retrospective analysis from six centers in France, 
evaluating incontinence management and its outcome in 
spina bifida patients, yielded interesting data.” A total of 
421 adolescent and adult patients were included. Of these, 
191 (45%) had been treated conservatively only. Of the 
conservatively treated patients a normal voiding pattern 
was claimed by 21%, clean intermittent catheterization was 
performed by 61%, whereas 18% reported no specific blad- 
der emptying method. The mean leakage score was 2.74, on 
a scale of 1 to 5, with a higher score indicating less inconti- 
nence. On the other hand, 230 patients (55%) were surgi- 
cally treated. Except for 23 patients who underwent 
noncontinent urinary diversion, 207 were included in the 
evaluation of treatment and continence outcome. The 
mean leakage score was 3.45. 

The authors gave three broad categories in which some 
40 different surgical techniques and combinations of tech- 
niques/procedures to treat urinary incontinence in these 
patients were listed. The first category was bladder neck 
surgery without augmentation; the second, bladder aug- 
mentation without continent diversion; and the third, 
bladder augmentation with continent urinary diversion. 
Patients with cutaneous noncontinent diversions were not 
included in the continence evaluation for obvious reasons. 
The outcomes were summarized as follows: an AUS in both 
genders and a bladder neck sling or Kropp procedure in 
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females were satisfactory as continence procedures when 
bladder augmentation was not indicated. In cases of blad- 
der augmentation without continent diversion, an AUS in 
males and a bladder neck sling, Kropp, or Young—Dees pro- 
cedure in females gave the best results. When bladder aug- 
mentation with continent urinary diversion was required, 
bladder neck closure has provided the best results in both 
genders. 


Health-related quality of life 
in relation to incontinence 
and its management 


Most pediatric urologists agree that incontinence may 
adversely affect quality of life. However, most of these 
patients have lived with their handicaps for their whole life 
and have often adapted to it in a remarkable way. Contrary 
to patients who have an acquired neurogenic bladder prob- 
lem, they have no previous personal experience with nor- 
mal function of the urinary tract. This is important to keep 
in mind because this notion may help to understand that 
those who have a comparable but congenital problem per- 
ceive the margin for improvement, which is present in 
patients with acquired disease, quite differently. Most of 
the remaining problems cannot be solved without creating 
new ones! 

A recent study indeed did not confirm the assumption 
that urinary incontinence may have a serious impact on 
quality of life. Lemelle et al investigated the influence of 
(in)continence on health-related quality of life (HRQoL) 
in a cross-sectional study from six centers in France.” A 
total of 460 spina bifida patients (300 adults and 160 ado- 
lescents) were included in this study. Interestingly, adoles- 
cents with spina bifida had HRQoL scores that were higher 
when self-rated than when questionnaires were completed 
by their parents. The investigators did not find a strong 
relationship between incontinence and HRQoL in this 
population. Moreover, patients who were surgically man- 
aged for urinary or fecal incontinence did not show signif- 
icantly higher scores of HRQoL. They concluded that 
urinary or fecal incontinence and their medical manage- 
ment may not play a determinant role in HRQoL of per- 
sons with spina bifida. However, many other factors affect 
HRQoL in these patients. A longitudinal study design is 
recommended to assess whether incontinence manage- 
ment is associated with improved HRQoL. 


Undiversion and conversion 


Today urinary diversion is rarely performed in children 
with MMC. Those who have reached adulthood and were 


diverted in the past might wish to become candidates 
for orthotopic undiversion or conversion to a continent 
urinary diversion such as an Indiana pouch or one of its 
alternatives. Although cosmetic reasons do play a role, 
undiversion is more indicated in those with upper tract 
problems in order to create a nonrefluxing low-pressure 
continent reservoir. 

Before undiversion, patients should be evaluated with 
urine cultures, creatinine clearance, a renogram, CT urogra- 
phy, and a loop-o-gram to adequately describe function and 
anatomy. If orthotopic undiversion is contemplated this 
should be complemented by videourodynamic studies or a 
cystogram and retrograde ureterograms if there is no reflux. 

Contraindications to undiversion include inability to 
perform CISC and poor kidney function. As a general 
rule, patients with a serum creatinine greater than 2 mg/dl 
(175 umol/ml) will have difficulty in coping with the meta- 
bolic challenges posed by the use of small or large bowel for 
a continent reservoir.” In MMC patients the lean body 
mass is decreased and therefore the creatinine clearance is 
a more reliable parameter than serum creatinine: in MMC 
patients, a creatinine clearance cut-off of 50 ml/min would 
be roughly equivalent to the abovementioned values. 
MMC patients with an impaired anal sphincteric function 
will be at increased risk for fecal incontinence when intesti- 
nal function becomes (slightly) impaired due to the use of 
bowel segments to reconstruct the urinary tract. 

In those with an efficiently working cutaneous diversion 
and no upper tract complications, the risks of an undiver- 
sion should be taken into account. A new anastomosis 
between the ureters and the bowel segment is more prone 
to stenosis, even if the caliber appears to be large at the 
time of the undiversion. Probably, the changed tissue qual- 
ity and vascularity of the ureteral wall is the explanation 
for this observation. In one series a 22% stenosis rate was 
reported in a group of 48 neurogenic patients as opposed 
to only 6.4% in the total group of 374 patients.” 

Those MMC patients who are wheelchair bound are not 
good candidates for an orthotopic undiversion because of 
the difficulty in performing CISC. For women it is partic- 
ularly troublesome to have to catheterize through the ure- 
thra. In MMC women we often find large labia that 
complicate CISC via the urethra. Since most of these 
patients also have an increased body mass index, with 
increased diameters of the thighs and limited ranges of 
movement in the hips, it is much easier for them to be able 
to catheterize without having to transfer out of the wheel- 
chair. This can be accomplished by a catheterizable stoma 
at an easily accessible spot on the (upper) abdomen or via 
the umbilicus. In wheelchair-bound male MMC patients 
the penis is often concealed due to the abnormal body 
habitus, making CISC more difficult as well as the fitting of 
a condom catheter. 

Adult MMC patients who have previously undergone an 
enterocystoplasty and those who opt for an undiversion or 
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conversion of a cutaneous stoma into a catheterizable ortho- 
topic or heterotopic reservoir can be confronted with several 
complications. Urologists following adult MMC patients 
should be aware of these complications that include stomal 
stenosis, stenosis of the ureteroenteric anastomoses, reser- 
voir perforation, mucus production in the reservoir, struvite 
stone formation, clinically significant urinary tract infec- 
tions,” and metabolic problems such as acid-base distur- 
bances, osteopenia, osmotic diarrhea, fatty diarrhea, calcium 
oxalate urolithiasis, and vitamin B12 deficiency.” Treatment 
of these complications is according to generally accepted 
guidelines not specific for MMC patients. One measure 
should, however, be highlighted and that is daily irrigation 
with normal saline that frees the reservoir of mucus and 
helps prevent the formation of calculi. 

Pretransplant surgical preparation of the lower urinary 
tract is a special situation in which reconstruction, diver- 
sion, or even undiversion may be indicated. When the 
bladder is not reparable or usable with acceptable results, 
ileal conduit, continent urinary diversions, and/or bladder 
augmentation may be required.*!~*> Each method has its 
specific set of possible complications and these should be 
thoroughly discussed with individual patients prior to use. 
A native dilated ureter can be used to augment the bladder 
and this may be the procedure of choice in neurogenic 
bladder associated with grossly dilated ureters.” 


Sexual dysfunction 


Sexual dysfunction, with both genders having loss of geni- 
tal sensation, is a common problem. As patients with spina 
bifida now have increased life expectancy this is recognized 
as an important quality of life issue. Theoretically, the 
effects on penile erection, vaginal lubrication, and orgasm 
are related to the level and completeness of the lesion. In 
reality, there is a paucity of literature about sexual function 
in MMC patients. Erections are claimed by about 70% of 
adolescent males, although most of the erections are prob- 
ably reflex in nature and not in response to sexual stimuli. 
The occurrence of erections is positively correlated with a 
lower sensory level and the presence of an anocutaneous 
reflex.” Those with normal bladder function and intact 
sacral reflexes are likely to have normal erectile function. 
There are no studies on the use of oral medication, intra- 
corporeal injections, or penile prostheses specifically on 
these patients. Although men with intact sacral reflexes can 
achieve erection and sexual intercourse they do not have 
any sensation in the penis. The possibility of restoration of 
sensation in the glans penis has recently been explored by 
Overgoor et al, who cut the sensory ilioinguinal nerve (L1) 
distally in the groin and joined it by microneurorrhaphy to 
the divided ipsilateral dorsal nerve of the penis (S2—4) at 
the base of the penis. The operation was performed in 
3 patients who were 17, 18, and 21 years old and who 


suffered from a spinal lesion at L5, L4, and L3—L4, respec- 
tively. By 15 months postoperatively all patients had achieved 
excellent sensation on the operated side of the glans penis. 
They were unequivocally positive about the results and the 
penis had become more integrated into the body image. *° 
In women, pregnancy and vaginal delivery is possible, 
although complications related to urinary tract dysfunc- 
tion and deformation of the pelvis occur frequently.” In 
the French multicenter evaluation, 5 of 230 men (2.2%) 
and 12 of 191 women (6.3%) had one or more children.*® 


Follow-up schedules 


Although roughly 78% survive to the age of 17 years,’ 
patients continue to be subject to excess morbidity and 
mortality into and throughout adulthood. Mortality before 
the age of 35 years has been reported to be 54%.*” 
Therefore the issue of follow-up is an important one. 

However, no guidelines that specifically address the 
follow-up of adolescent and adult spina bifida patients 
have been issued by any of the major international urologic 
scientific societies like AUA, EAU, ICS, and the SIU, or the 
International Consultation on Incontinence. Furthermore, 
the sections on follow-up in existing guidelines for the 
management of patients with neuro-urologic problems are 
either very short or completely absent and generally lack an 
evidence base. 

In an attempt to overcome these deficiencies we can 
define four domains that are relevant for follow-up 
schedules in these patients: 


1. Functional issues. The maintenance of kidney function 
is the primary goal of management. Related to kidney 
function is lower urinary tract function, which is 
defined by the following parameters: bladder pressure 
during the filling phase, bladder compliance, bladder 
contractility, urethral sphincter and bladder neck func- 
tion, coordination between bladder and outflow tract, 
antireflux mechanism, and uretero-pelvic function. 

2. Surgical and anatomic issues like stomal stenosis, 
stenosis of the uretero-enteric anastomoses, reservoir 
perforation, upper tract reflux, and incompetent conti- 
nence mechanism. 

3. Metabolic issues are related to the incorporation of 
bowel segments in the lower urinary tract and include 
mucus production in the reservoir, struvite stone 
urolithiasis, clinically significant urinary tract infec- 
tions,” and problems such as acid-base disturbances, 
osteopenia, osmotic diarrhea, fatty diarrhea, calcium 
oxalate urolithiasis, and vitamin B12 deficiency.” Renal 
ultrasound and plain abdominal films can diagnose 
most urinary tract stones. 

4. Sexual counseling. 
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The French survey gives data on the relative importance 
of certain patient groups (Figure 67.1). About 45% of 
adults were treated conservatively, about 30% had bladder 
surgery without diversion, and 17% had bladder surgery 
with continent diversion; less than 0.1% had a nonconti- 
nent diversion. 

In conservatively treated patients with a low-pressure sys- 
tem and normal renal function who have been shown to be 
symptomatically stable over a number of years, evaluation of 
upper tract function and anatomy can be done every 2-3 
years, unless there are reasons to suspect that motivation 
and IQ are suboptimal. Some form of sexual counseling 
can be incorporated in these follow-up visits. EAU guide- 
lines for follow-up of neuro-urologic patients in general 
suggest more frequent follow-up visits (Table 67.1); ® these 
guidelines, however, seem to apply more to those who have 
not achieved a symptomatically stable low-pressure situa- 
tion. It should also be noted that renal ultrasound is inad- 
equate for the demonstration of obstruction; however, 
renal isotope scans can diagnose (functional) obstruction 
and show the differential function of the kidneys. 

In low-pressure, symptomatically stable patients with a 
decreased glomerular filtration rate (GFR), the advice of a 
nephrologist is sought. Dietary measures can often be 
taken to prevent further deterioration of renal function. 

It is unclear whether regular urodynamic follow-up as 
suggested by EAU guidelines is necessary in stable adult 


patients. No evidence to support this policy in spina bifida 
patients is available. However, if the outflow tract needs 
to be manipulated (e.g. because of treatment for inconti- 
nence) in patients with a low-pressure system, a new 
urodynamic base line has to be established after this treat- 
ment. Furthermore, patients who have not achieved the 
low-pressure status should be followed more closely, 
approximately on a 3-monthly basis, while active conserv- 
ative or surgical measures are being taken, to convert the 
lower urinary tract into a low-pressure one. 

In symptomatically stable patients with a low-pressure sys- 
tem that has been achieved by incorporating bowel in the 
lower urinary tract or by some form of diversion, a more 
frequent follow-up is necessary, most importantly because 
of metabolic issues (Table 67.2). These patients should 
be followed regularly (initially 3-monthly and later 6- 
monthly) for metabolic complications. If necessary, med- 
ical treatment should be instituted. Metabolic acidosis is 
rare in patients with a normal renal function. When renal 
function is impaired, as is often the case in MMC patients, 
acidosis is more likely. If standard bicarbonate is less than 
21 mmol/l, alkalizing therapy with sodium bicarbonate 
should be started. This is particularly important during 
growth and development. On the basis of a review of the 
literature on this issue, Mingin et al concluded that bladder 
augmentation does not affect final adult height. Initially 
there is metabolic acidosis, but this is corrected over time. 


EAU Guidelines for follow-up of neuro-urologic patients 


2-monthly 
6-monthly 
12-monthly 

12- to 24-monthly 


Urinalysis (possible UTI between times can be self-checked by the patient, using dip stick) 
Ultrasound kidney and bladder (for postvoid residual, stones, upper tract dilatation) 
Physical examination (including blood pressure) and lab (blood) 


Specialist examination in a neuro-urologic center, including at least a video-urodynamic study 
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Follow-up guidelines for patients with bowel segments incorporated in the urinary tract 
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Hb, s-creatinine, Na, K, Cl, 
standard bicarbonate X X X 


Vitamin B12 


Hb, hemoglobin; s-creatine, serum creatinine; Na, sodium; K, potassium; Cl, chloride. 


Furthermore, over the long term bone mineral density 
decreases, although this does not seem to translate into 
more pathologic fractures in young adults.*! Patients with 
longer segments of terminal ileum that are excluded from 
the gastrointestinal tract are at risk for low vitamin B12 
levels; these should be checked 2-yearly and vitamin B12 
should be substituted if the serum level becomes less than 
200 pmol/l. These patients are also at risk for malabsorp- 
tion of fat, diarrhea, and calcium oxalate urolithiasis. 

In general it is more difficult to maintain a certain level 
of self-care in MMC patients than in the average popula- 
tion. The importance of compliance with CISC and regu- 
lar irrigation of augmented lower urinary tract with bowel 
or continent reservoir needs to be emphasized at every 
encounter with the patient. The urine of patients who have 
bowel segments incorporated in the urinary tract or those 
with urinary diversions, and those who perform intermit- 
tent catheterization, is seldom sterile, but clinical signs of 
infection are rare. In fact, between 2/3 and 3/4 of patients 
with continent diversions have bacteriuria. In case of 
asymptomatic bacteriuria no antibiotic therapy is neces- 
sary, except for those with pure cultures of Proteus or 
Pseudomonas, since those patients are more likely to 
develop stones and upper tract deterioration. Patients with 
septic complications and symptomatic UTIs should be fol- 
lowed on a regular basis with cultures and active manage- 
ment, including eradication of infectious foci, such as 
stones of the upper and/or lower tract and ineffective 
CISC. Check-ups on a 3-monthly basis, at least, may be 
necessary until the situation has stabilized. 

A multicenter survey in clinics listed by the Spina Bifida 
Association of America has revealed a lack of consensus on 
the use of urine cultures during follow-up of spina bifida 
patients.” Of these clinics, 49% used cultures and 59% 
performed urinalysis on a 6—12-monthly basis. A lack of 
consensus on the indications for treatment became evident 
as well. A positive urine culture in combination with fever, 
flank pain, urinary pattern change, or dysuria was an indi- 
cation for antibiotic treatment in more than 70% of the 
centers. In addition, more than 50% of the centers treated 
in case of chills, abdominal pain, and more than 50 
WBC/hpf (white-blood cells per high-power field). 

It is clear that evidence-based guidelines for the 
follow-up and management of adult MMC patients and 


neurourologic patients in general have to be defined with 
priority. 


References 
1. Durham Smith E. Urinary prognosis in spina bifida. J Urol 1972; 
108: 815-17. 


2. Stevenson RE, Allen WP, Pai GS et al. Decline in prevalence of neural 
tube defects in a high risk region of the United States. Pediatrics 
2000; 106: 677-83. 

3. Halliday JL, Riley M. Fortification of foods with folic acid (letter). 
N Engl J Med 2000; 343: 970-1. 

4. Van Gool JD. Spina Bifida and Neurogenic Bladder Dysfunction: 
A Urodynamic Study. Impress Utrecht 1986: 219. 

5. McGuire EJ, Denil J. Adult myelodysplasia. AUA Update Series 1991; 
10: 298-303. 

6. Spindel MR, Bauer SB, Dyro FM et al. The changing neurourologic 
lesion in myelodysplasia. JAMA 1987; 258: 1630-3. 

7. McGuire EJ, Woodside JR, Borden TA. Upper tract deterioration in 
patients with myelodysplasia and detrusor hypertonia with a follow 
up study. J Urol 1983; 129: 873. 

8. Bruschini H, Almeida FG, Srougi M. Upper and lower urinary tract 
evaluation of 104 patients with myelomeningocele without adequate 
urological management. World J Urol 2006; 24: 224-8. 

9. Fujita J, Yamamoto H. An experimental study on spinal cord traction 
effect. Spine 1989; 14: 698-705. 

10. Wilson DA, Prince JR. Imaging determination of the location of the 
normal conus medullaris throughout childhood. AJR 1989; 152: 
1029-32. 

11. Keating MA, Rink RC, Bauer SB et al. Neurourological implications 
of the changing approach in management of occult spinal lesions. 
J Urol 1988; 140: 1299-301. 

12. Dik P, Tsachouridis GD, Klijn AJ, Uiterwaal CSPM, de Jong TPVM. 
Detrusorectomy for neuropathic bladder in patients with spinal dys- 
raphism. J Urol 2003; 170: 1351-4. 

13. Stephenson TP, Mundy AR. Treatment of the neuropathic bladder by 
enterocystoplasty and selective sphincterotomy or sphincter ablation 
and replacement. Br J Urol 1985; 57: 27-31. 

14. Brem AS, Martin D, Callaghan J, Maynard J. Long term renal risk fac- 
tors in children with meningomyelocele. J Pediatr 1987; 110: 51-4. 

15. Dik P, Klijn AJ, van Gool JD, de Jong-de Vos van Steenwijk CC, De 
Jong TP. Early start to therapy preserves kidney function in spina 
bifida patients. Eur Urol 2006; 49: 908-13. 

16. Kessler TM, Lackner J, Kiss G, Rehder P, Madersbacher H. Early 
proactive management improves upper urinary tract function and 
reduces the need for surgery in patients with myelomeningocele. 
Neurourol Urodyn 2006; 25: 758-62. 

17. Riccabona M, Koen M, Schindler M et al. Botulinum-A toxin injec- 
tion into the detrusor: a safe alternative in the treatment of children 
with myelomeningocele with detrusor hyperreflexia. J Urol 2004; 
171(2 Pt 1): 845-8. 


794 


Textbook of the Neurogenic Bladder 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


Stark GD. The nature and cause of paraplegia in myelomeningocele. 
Paraplegia 1972; 9: 219. 

Schmidt RA, Kogan BA, Tanagho EA. Neuroprosthesis in the man- 
agement of incontinence in myelomeningocele patients. J Urol 1990; 
143: 779-82. 

Kryger JV, Spencer Barthold J, Fleming P, Gonzales R. The outcome 
of artificial sphincter placement after a mean 15-year follow-up in a 
paediatric population. BJU Int 1999; 83: 1026-31. 

Roth DR, Vyas PR, Kroovand RL, Perlmutter AD. Urinary tract dete- 
rioration associated with the artificial urinary sphincter. J Urol 1986; 
135: 528-30. 

Furness III PD, Franzoni DF, Decter RM. Bladder augmentation: 
does it predispose to prosthetic infection of simultaneously placed 
artificial genitourinary sphincters or in situ ventriculoperitoneal 
shunts? BJU Int 1999; 84: 25-9. 

Miller EA, Mayo M, Kwan D, Mitchell M. Simultaneous augmenta- 
tion cystoplasty and artificial urinary sphincter placement: infection 
rates and voiding mechanisms. J Urol 1998; 160: 750-3. 

Kronner KM, Rink RC, Simmons G et al. Artificial urinary sphincter 
in the treatment of urinary incontinence: preoperative urodynamics 
do not predict the need for future bladder augmentation. J Urol 
1998; 160: 1093-5. 

Spiess PE, Capolicchio JP, Kiruluta G et al. Is an artificial sphincter 
the best choice for incontinent boys with spina bifida? Review of our 
long term experience with the AS-800 artificial sphincter. Can J Urol 
2002; 9: 1486-91. 

Lemelle JL, Guillemin F, Aubert D et al. A multicenter evaluation 
of urinary incontinence management and outcome in spina bifida. 
J Urol 2006; 175: 208-12. 

Lemelle JL, Guillemin F, Aubert D et al. Quality of life and conti- 
nence in patients with spina bifida. Qual Life Res 2006; 15: 1481-92. 
Stamper DS, McDougal WS, McGovern FJ. Metabolic and nutri- 
tional complications. Urol Clin N Am 1997; 24: 715-22. 

Stein R, Matani Y, Doi Y et al. Continent urinary diversion using 
the Mainz pouch I technique — ten years later. J Urol 1995; 153 
(4 Suppl): 241A. 


30. 


31, 


32. 


PEE 


34. 


35. 


36. 


40. 


41. 


42. 


Rink RC. Bladder augmentation: options, outcomes, future. Urol 
Clin N Am 1999; 26: 111-23. 

MacGregor P, Novick AC, Cunningham R et al. Renal transplanta- 
tion in end stage renal disease patients with existing urinary diver- 
sion. J Urol 1986; 135: 686-8. 

Hatch DA, Belitsky P, Barry JM et al. Fate of renal allografts trans- 
planted in patients with urinary diversion. Transplantation 1993; 56: 
838—42. 

Dawahra M, Martin X, Tajra LC et al. Renal transplantation using 
continent urinary diversion: long-term follow-up. Transplant Proc 
1997; 29: 159—60. 

Koyle MA, Pfister RR, Kam I et al. Bladder reconstruction with the 
dilated ureter for renal transplantation. Transplant Proc 1994; 26: 
35-6. 

Diamond DA, Rickwood AMK, Thomas DG. Penile erections in 
myelomeningocele patients. Br J Urol 1986; 58: 434-5. 

Overgoor ML, Kon M, Cohen-Kettenis PT et al. Neurological bypass 
for sensory innervation of the penis in patients with spina bifida. 
J Urol 2006; 176: 1086-90. 

Richmond D, Zaharievski I, Bond A. Management of pregnancy in 
mothers with spina bifida. Eur J Obstet Reprod Biol 1987; 25: 341-5. 
Mitchell LE, Adzick NS, Melchionne J et al. Spina bifida. Lancet 
2004; 364: 1885-95. 

Hunt, GM and Oakeshott P. Outcome in people with open spina 
bifida at age 35: prospective community based cohort study. BMJ 
2003; 326: 1365-6. 

Stéhrer M, Castro-Diaz D, Chartier-Kastler E et al. EAU Guidelines 
on Neurogenic Lower Urinary Tract Dysfunction. Chapter 7: 
Guidelines for follow-up, 2007: 53 Available at: www.uroweb. 
org/professional-resources/guidelines. 

Mingin G, Maroni P, Gerharz EW, Woodhouse CRJ, Baskin LS. 
Linear growth after enterocystoplasty in children and adolescents: a 
review. World J Urol 2004; 22: 196-9. 

Elliott SP, Villar R, Duncan B. Bacteriuria management and urolog- 
ical evaluation of patients with spina bifida and neurogenic bladder: 
a multicenter survey. J Urol 2005; 173: 217-20. 


Part VIII 


Synthesis of treatment 


68 


The vesicourethral balance 


Erik Schick and Jacques Corcos 


Introduction 


In Chapter 70 we summarize the different treatment 
modalities that can be considered to correct bladder 
dysfunction or urethral dysfunction, independently of 
each other. In clinical practice, however, most patients 
present simultaneous alterations of reservoir and outlet 
functions. 

The ultimate goal in neurogenic bladder management is 
the preservation of normal kidney function. The most 
important factor to achieve is to maintain the lower 
urinary tract at a low pressure. Ensuring regular bladder 
emptying, decreasing outlet resistance in patients who void 
spontaneously, preventing infection by eliminating foreign 
bodies from the urethra and/or the bladder, and treating 
infection when it becomes symptomatic are some of the 
modalities used to attain this goal. Additionally, maintain- 
ing or restoring continence will significantly increase the 
patient’s quality of life. To avoid or minimize potential 
complications, these objectives have to be constantly kept 
in mind when dealing with the problem of neurogenic 
bladder dysfunction. 

Vesicourethral balance and balanced bladder are by no 
means synonymous. The balanced bladder concept 
emerged after World War II and was part of the bladder 
rehabilitation process. It implied reflex bladder voiding 
and a postvoid residual urine volume of less than 100 ml. 
Clinicians felt safe in trying to achieve this goal. Later expe- 
rience proved that the approach was not necessarily safe, 
because it could not prevent infection, sepsis, loss of renal 
function, etc. The flaw with this empirical therapy is that 
elevated bladder filling and emptying pressures can occur, 
causing silent renal damage despite low postvoid residual 
urine volume.’ 

The concept of vesicourethral balance helps us to under- 
stand the pathophysiologic consequences of vesicourethral 
dysfunction. It indicates how to modify reservoir function, 


outlet function, or both in order to restore normal vesico- 
urethral function to a safe, normal, low-pressure zone. 
Urodynamics are essential in this respect, because they 
allow bladder and urethral function to be evaluated 
independently along with the interaction between them. 


Normal vesicourethral 
balance 


The vesicourethral unit can be compared to a balance 
where the bladder represents one arm, and the urethra with 
its sphincteric mechanism the other arm of the balance. 
Figure 68.1 illustrates this concept. 

During the filling phase of the voiding cycle, the bladder is 
accommodating a progressively increasing volume. Because 
of normal bladder wall compliance, pressure inside the 
bladder remains constant, about 15-20 cmH,0, and never 
exceeds 40 cmH,0. The system is in a low-pressure state, and 
the upper urinary tract is safe.” During the voiding phase, 
the detrusor contracts, the urethral sphincteric mechanism 
relaxes, and there is normal vesicourethral synergia. 

Under pathologic conditions, this relatively delicate 
balance can easily be disturbed. Bladder function can be 
normal or altered by some pathologic process in several 
ways. It may become underactive, noncontractile, or over- 
active, with or without impaired contractility, with or 
without decreased compliance. Urethral function can be 
normal, hypotonic (incontinence), or hypertonic (obstruc- 
tion). The different combinations of these vesicourethral 
alterations can lead to several different clinical situations, 
as illustrated in Table 68.1. 

The aim of any therapeutic intervention is to ensure 
the restoration of normal balance in the security zone — 
security from the point of view of the preservation of renal 
function. 
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Normal vesicourethral balance. Bladder filling and micturition under normal pressure conditions, within the ‘security zone’ 


of <40 cmH,0. 


Summary of vesico-urethral balance 


Figure number Bladder activity/compliance Outlet 

68.1 Normal Normal 
68.2a Normal Hypotonic 
68.3a Normal Obstructive 
68.4a Overactive/low compliant Normal 
68.5a Overactive/low compliant Hypotonic 
68.6a Overactive/low compliant Obstructive 
68.7a Underactive/noncontractile Normal 
68.8a Underactive/noncontractile Hypotonic 
68.9a Underactive/noncontractile Obstructive 


Alterations in vesicourethral 
balance 


Normal bladder contractility 
and compliance 


The hypotonic outlet 


Principle: 
This is characteristic of the stress incontinent patient. By 
simply improving outlet function, normal vesicourethral 


conditions in normal pressure ranges can be restored 
(Figure 68.2a). 


Clinical example 


Urodynamic tracings of a 66-year old female who con- 
sulted for urinary incontinence. Bladder capacity was nor- 
mal (540 ml), without significant postvoid residual urine 
(10 ml). Urethral pressure profile at two consecutive with- 
drawals showed a hypotonic urethra: maximum urethral 
closure pressure = 17 cmH,O (Figure 68.2b). 

On multichannel pressure—flow study the bladder was 
stable. Detrusor pressure at maximum flow was 10.4 
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Figure 68.2 (Continued) 
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(a) The bladder is normal (a), but the urethra hypotonic (b), a condition favorable for incontinence. By increasing urethral tonicity (or 
improving pressure transmission conditions from the abdominal cavity to the urethra) (c), continence is re-established. Overcorrecting 
may induce urinary retention, as in Figure 68.3a. (b) Urethral pressure profile at 2 consecutive withdrawals (see abreviations at end of 


chapter). (c) Multichannel pressure flow study. (d) Schafer’s nomogram. 


cmH,O (Figure 68.2c). According to Schafer’s nomogram, 
bladder contractility was somewhat deficient (Figure 
68.2d). This, however, is difficult to ascertain because this 
nomogram was not designed for females, and furthermore 
some female patients empty their bladder by simply relax- 
ing their urethra.* No stop tests have been done to better 
document bladder contractility. Conclusion Bladder: stable 
with normal compliance. Urethra: hypotonic. Treatment 
increase outlet resistance. 


The obstructive outlet 


Principle 

Benign prostatic obstruction is a good example of this sit- 
uation. The treatment strategy should not be to increase 
bladder contractility, but rather to decrease urethral resis- 
tance (Figure 68.3a). By eliminating obstruction the sys- 
tem will return to normal equilibrium in the security 
zone. 
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Figure 68.3 


(a) The bladder is normal (A), and the urethra obstructive (B), as in benign prostatic hyperplasia or urethral stenosis. Correction of 
outlet conditions (C) allows the re-establishment of micturition under normal pressure conditions (D). (b) Multichannel urodynamic study 


of a 76-year-old man with acute urinary retention. 


Clinical example: 

In this 76-year old man, who consulted because of acute 
urinary retention, the multichannel urodynamic study 
demonstrated a stable and compliant bladder with 
increased cystometric capacity (850 ml) (Figure 68.3b). 
First desire to void (B1) was at 51 ml. Total bladder pres- 
sure during the entire filling phase was + 40 cmH,0O. At 
voiding attempt the detrusor contracted, but no flow was 
initiated. The maximum detrusor pressure generated was 
40 cmH,0. Conclusion Bladder contractile and compliant. 
Urethra obstructed. Treatment Decrease outlet resistance. 
Spontaneous voiding should follow. 


Overactive and/or 
low-compliant bladder 
The normal outlet 


Principle: 

When the bladder is overactive and/or low compliant, but 
the urethra still has normal closure pressure, the patient 
may be incontinent. The solution to this problem is not to 
increase urethral closure pressure, because — although the 
patient will become continent — the system will be trans- 
formed to a high-pressure one, jeopardizing the integrity 
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Figure 68.4 
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(a) The bladder is overactive and/or low compliant (A) with a normal outlet (B), predisposing to incontinence. Treatment should correct 
overactivity (C) without interfering with urethral function (D). Continence should be re-established. (b) Sustained, high-amplitude, 
uninhibited detrusor contractions during the filing phase. (c) During voiding detrusor pressure remains low. (d) Schäfer’s nomogram 


shows no obstruction. 


of the upper urinary tract. Treatment should be directed to 
controling overactivity or to improving bladder wall com- 
pliance. Thus, the system will be balanced in the security 
zone (Figure 68.4a). 


Clinical example: 

A 79-year-old man was investigated for nocturia and uri- 
nary incontinence. Endoscopy disclosed a marked bladder 
wall trabeculation and occlusion of the urethral lumen by 
the lateral lobes of the prostate. 

On multichannel urodynamics the first desire to void 
was perceived at 144 ml and the bladder capacity 
was 328 ml. The filling phase was characterized by long- 
lasting uninhibited contractions of high amplitude 
(Figure 68.4b). The total bladder pressure was above 
40 cmH,O during the entire filling phase. During mic- 
turition the detrusor pressure was constantly below 
40 cmH,0O (Figure 68.4c). Schafer’s nomogram did not 
demonstrate obstruction (Figure 68.4d). Postvoid resid- 
ual urine was 100 ml. Conclusion Overactive bladder cre- 
ating a high pressure system. Urethra nonobstructive. 
Treatment Control hyperactivity to create a low-pressure 
reservoir. 


The hypotonic outlet (low urethral 
closure pressure) 


Principle: 

This clinical situation is relatively rare. With decreased out- 
let resistance, the patient will almost certainly be inconti- 
nent, but because of this hypotonicity a high-pressure 
system is unlikely to develop. Correcting urethral function 
alone, although continence may be established, might 
put the upper urinary tract in a precarious situation, as in 
the preceding example. Together with the improvement 
of urethral hypotonicity, one should also control bladder 
overactivity and/or compliance (Figure 68.5a). 


Clinical example: 

This situation was encountered in a 20-year old male with 
spina bifida. He consulted mainly because of complete uri- 
nary incontinence (permanent dribbling). On multichannel 
urodynamics, bladder sensation (B1) was abolished and cys- 
tometric capacity was 317 ml. The maximum urethral pres- 
sure was + 100 cmH,0, but the maximum urethral closure 
pressure was only 22 cmH,O (Figure 68.5b). Because of low 
closure pressure the urethra was considered to be hypotonic. 
On multichannel urodynamics, bladder sensation (B1) was 
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abolished and cystometric capacity was 317 ml. Bladder wall 
showed decreased compliance, no detrusor overactivity was 
observed. Incontinence appeared at a total intravesical pres- 
sure of + 100 cmH,O which corresponded to a detrusor pressure 
of 40 cmH,O (Figure 68.5c). Conclusion Bladder noncontractile 
and low compliant. Urethra hypotonic. Treatment Start to 
improve bladder compliance and if, incontinence persists, 
increase outlet resistance secondarily. 
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Figure 68.5 

(a) The bladder is overactive and/or low compliant (A), associated with a 
hypotonic outlet (B). The patient will almost certainly be incontinent. 
Increasing urethral resistance (C) will probably not be sufficient; 
conditions similar to those in Figure 68.4a will be created. Detrusor 
overactivity should also be controlled (d) in order to reach normal 
vesicourethral equilibrium. (b) Urethral pressure profile at rest. 

(c) Multichannel urodynamics. 


The hypertonic (obstructed) outlet 


Principle: 

It is estimated that more than 50% of males with 
outlet obstruction will develop bladder overactivity.*° 
Elimination of obstruction will normalize urethral func- 
tion, but may expose the patient to incontinence. In a non- 
neurologic context, bladder overactivity will subside 
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(a) The bladder is overactive and/or low compliant (A), associated with obstructed outlet (B). The patient is probably continent, but the 
upper tract is in real danger of decompensation. Therapeutic measures should be directed toward the urethra (C) and the bladder 
(D) simultaneously to establish normal balance in the security zone. (b) Multichannel urodynamic study. 


spontaneously within 1 year after the removal of the 
obstruction in a significant proportion of patients.” In the 
neurologic patient, however, therapeutic measures should 
be taken to control overactivity, in conjunction with the 
correction of outlet function (Figure 68.6a). 


Clinical example: 

A clinical example of this sitation is that of a 43-year-old man, 
quadraplegic since the age of 18. Bladder drainage was insured 
by condom catheter. Cystoscopy revealed grade 4 bladder 
wall trabeculation. Ultrasonography demonstrated bilateral 
uretero-hydronephrosis. Multichannel urodynamic study 
(Figure 68.6b) showed first desire to void at 76 ml and bladder 
capacity at 450 ml. Decreased compliance with uninhibited 
contractions. Intravesical pressure reached the critical value of 
40 cmH,0 at 100 ml. Postvoid residual was 300 ml. Detrusor- 
external sphincter dyssynergia was present (not shown here). 
Conclusion Bladder: neurogenic overactive and low compliant; 
high-pressure system. Urethra: obstructed. Treatment Improve 
compliance and eliminate outlet obstruction. 


Underactive and/or 
noncontractile bladder 


The normal outlet 


Principle: 

This is the case of the patient who underwent prosta- 
tectomy for chronic urinary retention, but who is still 
unable to void spontaneously (Figure 68.7a). 


Clinical example: 

This condition can also develop spontaneously, as in this 
39-year-old male who consulted because of daytime fre- 
quency and nocturia. The postvoid residual urine was 
100 ml. Cystoscopy showed normal bladder. On multi- 
channel urodynamic study (Figure 68.7b) the first desire 
to void (B1) was present at 116 ml and bladder capacity 
was measured at 504 ml. During the filling phase the 
total bladder pressure was + 40 cmH,O. No uninhibited 
contractions were seen. During micturition (Figure 
68.7c) the detrusor pressure was less than 40 cmH,O and 
the flow was irregular. The patient used Valsalva maneu- 
ver to facilitate voiding. However, at each bear-down 
maneuver the pelvic floor muscles contracted also, 
witnessed by the simultaneous increase in maximum 
urethral pressure. (Note that the scale for urethral 
pressure is different from the other pressure lines.) On 
Schafer’s nomogram (Figure 68.7d) there was no 
obstruction, but the detrusor was very weak. Conclusion 
Underactive bladder. Urethra nonobstructed. Treatment 
improve detrusor contractility. 


The hypotonic outlet 


Principle: 

The patient may or may not be incontinent. Improving 
outlet function alone will almost certainly precipitate 
the patient into urinary retention. Every effort should 
be made to improve bladder contractility as well (Figure 
68.8a). 
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Figure 68.7 

(a) The outlet is normal (A) and the bladder is underactive and/or noncontractile (B). Spontaneous voiding may be possible, but with 
significant postvoid residual volume. Treatment should reinforce detrusor contractility (C) without interfering with outlet conditions 
(A). Spontaneous voiding, within the security zone, should be re-established. (b) Filling phase shows a “flat” detrusor. (c) Voiding takes 
place mainly by valsalva manoeuver. (d) Schafer’s nomogram shows no obstruction but a very weak detrusor. 
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(c) 


Abaques PQ de Schafer 
Qura [ml/s] 


Figure 68.8 


P à Début Miction -2 cmH,O 
P à Débit Max. 7 cmH,0 
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P à Débit min. -4 cmH,O 
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(a) Underactive and/or noncontractile bladder (A) with a hypotonic outlet (B) If the patient is continent, one might adopt a watchful 
waiting policy, because the system is a low-pressure one. In case of incontinence, the outlet (C) and bladder (D) should be reinforced 
together. If only the outlet is corrected, the patient might not void spontaneously. If bladder contractility is improved only, the patient 
will remain incontinent. (b) Voiding phase on the multichannel urodynamic study. (c) Schafer’s nomogram suggests no obstruction and a 


weak detrusor. 


Clinical example: 

This 52-year-old female consulted because of symptoms of 
mixed urinary incontinence. The stress component was more 
pronounced than was urgency. On urethral pressure profile 
the MUCP was 20 cmH,0O. Cough leak-point pressure was 80 
cmH,0O. During the filling phase (Figure 68.8b) no uninhib- 
ited detrusor contractions were recorded. Pressure—flow 
study demonstrated an almost absent detrusor contraction. 
The flow was irregular and interrupted and resulted from 
abdominal pressure, at least at the begining of micturition. 
Schafer’s diagram (Figure 68.8(c)) did not show obstruction, 
but suggested decreased detrusor contraction. Postvoid resid- 
ual urine was 74 ml. Conclusion Underactive bladder, hypo- 
tonic and hypermobile urethra. Treatment Improve pressure 
transmission from abdominal cavity or urethra. 


The obstructive outlet 


Principle: 

In this case, the patient will almost certainly be in urinary 
retention. Decreasing outlet resistance by eliminating the 
obstructive factor will not necessarily permit normal void- 
ing without significant postvoid residual volume. Attempts 
should also be made to improve bladder contractility 
simultaneously (Figure 68.9a). 


Clinical example: 
A 69-year-old man presented with urge urinary 
incontinence. Postvoid residual urine was 900 ml. On 


multichannel urodynamic study the first desire to void 
was noted at 29 ml and the first uninhibited contraction 
at 102 ml (not shown). Bladder wall compliance was nor- 
mal. The detrusor pressure at maximum flow was 57 
cmH,0, which produced a maximum flow of 4.9 ml/s. 
(Figure 68.9(b)) On Schafer’s nomogram the detrusor 
pressure on initiation of voiding was 44 cmH,0 (grade III 
compressive type of obstruction) (Figure 68.9c); detrusor 
pressure at the end of the flow was 30 cmH,O. A moder- 
ately severe constrictive type of obstruction was present. 
The detrusor was somewhat weak. Conclusion Bladder: 
huge capacity, decompensated, but still contractile, 
within a low-pressure system. Urethra: obstructed. 
Treatment Decrease outlet resistance. (Spontaneous void- 
ing depends on remaining bladder contractility.) 


Conclusion 


Normal vesicourethral balance signifies a low-pressure sys- 
tem with normal bladder contractility and compliance, 
together with no outlet obstruction, and normal urethral 
tone. Urodynamics allow us to determine which elements 
are responsible for vesicourethral dysfunction or the dis- 
ruption of vesicourethral balance. Treatment is directed 
towards the element(s) responsible for this dysfunction 
and so restoring vesicourethral balance in the normal, safe 
pressure ranges. 
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Figure 68.9 
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(a) Underactive and/or noncontractile bladder (A) combined with an obstructed outlet (B). No spontaneous voiding is expected. Urethral 


resistance must be decreased (C) and bladder contractility increased (D) to ensure normal vesicourethral balance. (b) Voiding phase 


during the pressure-flow study. (c) Schafer’s nomogram exhibits a moderately severe constrictive obstruction, associated with a grade III 
compressive type obstruction, along with a somewhat weakened detrusor. 
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Abbreviations 


B1 = first desire to void 
CNI = uninhibited contraction 


CR = catheter repositioned 
DM = beginning of flow 

DMA = maximum flow 

DP = starting point of UPP 
EMV = initiate voiding 

FM = end of flow 

FP = end of UPP 

IU = urinary incontinence 

N = normal 

Pba = intraabdominal pressure 
PB = baseline pressure 

PC = maximum closing pressure 
Pae = detrusor pressure 

Vinfus = infused volume 

PM = end point of UPP 

PM = maximum urethral pressure 
Para = urethral pressure 

Pura aitt = Closing pressure 

Pyes = bladder pressure 

Qura = flow curve 

ST = strong 

TOUX = cough 

UPP = urethral pressure profile 
VW = very weak 

W = weak 
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Treatment alternatives for different 
types of neurogenic bladder dysfunction 


in children 


Roman Jednak and Joao Luiz Pippi Salle 


Introduction 


Congenitally acquired lesions of spinal cord development 
collectively referred to as neurospinal dysraphisms are the 
most common cause of neurogenic bladder dysfunction in 
children. Abnormal bladder innervation is found in the 
overwhelming majority of patients with myelodysplasia, 
and, consequently, impaired drainage of the lower and 
upper urinary tract, if not managed appropriately, can be a 
significant cause of morbidity. 

Management goals include establishing satisfactory 
bladder emptying, maintaining safe bladder storage pres- 
sures to prevent upper urinary tract deterioration, avoiding 
urinary tract infections, and, in the long term, achieving 
urinary continence. Fortunately, significant advances in the 
treatment of children with myelodysplasia have resulted in 
an impressive decrease in the incidence of upper urinary 
tract deterioration and marked improvements in the 
achievement of urinary continence. Naturally, this has 
translated into decreased morbidity and notable improve- 
ments in the quality of life for affected children. 

Renal damage, nevertheless, remains a real risk and 
patients require careful evaluation and follow-up. It should 
also be emphasized that in the myelodysplastic child, the 
neurologic lesion and bladder dynamics can change with 
time. Regular urodynamic testing should be performed 
both in order to identify worsening parameters before 
upper urinary tract deterioration occurs and to appropri- 
ately select management strategies when trying to establish 
urinary continence. 

Here we outline some of the medical and surgical alter- 
natives available when managing the child with neurogenic 
bladder. The reported outcomes of various surgical tech- 
niques in the pediatric population are reviewed. 


Management of the bladder 


Anticholinergic medications 
and clean intermittent 
catheterization 


Bladder management is tailored according to the results 
of urodynamic evaluation.'* Management goals are the 
maintenance of a compliant low-pressure reservoir that 
can be regularly emptied in order to both protect the upper 
urinary tract from deterioration and achieve urinary 
continence. 

Not all children require early clean intermittent 
catheterization and/or anticholinergic medications.”° 
Children who empty the bladder effectively in association 
with synergic or incompetent sphincter function can be 
observed closely. Clean intermittent catheterization should 
be started in those patients with a flaccid bladder that 
empties poorly.** Latex catheters should be avoided 
in order to minimize the risk of developing a latex 
allergy.™!? Antibiotic prophylaxis need not be routinely 
administered in all children, but should be considered in 
those with documented vesicoureteral reflux. =" 

Catheterization is ideally performed at intervals of every 
3—4 hours. Clean intermittent catheterization used in com- 
bination with an anticholinergic medication is indicated in 
patients with a poorly compliant or hyperreflexic bladder 
or in those with detrusor-sphincter dyssynergia.'°** 
Detrusor contraction is primarily mediated by the action 
of acetylcholine.*>”° 

Anticholinergic agents effectively increase the bladder 
capacity achieved prior to the onset of an uninhibited 
contraction, decrease the magnitude of uninhibited 
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contractions, and produce an increase in total bladder 
capacity. Oxybutynin is the most commonly used anti- 
cholinergic and in children can be introduced 2-3 times 
per day at a dose of 0.1-0.2 mg/kg. The medication can be 
safely used, even in the neonatal period. The most com- 
mon anticholinergic side-effects encountered in children 
are dry mouth, constipation, flushing of the skin, blurred 
vision, and hyperactivity.” An extended-release formula- 
tion that can be administered once daily and may pro- 
duce fewer adverse effects is also available. Alternatively, 
intravesical instillation can also be performed. It should 
be remembered, however, that intravesical instillation 
is also associated with a similar spectrum of side- 
effects.” The most recent innovation in anticholinergic 
therapy has been the introduction of a transdermal 
delivery system for oxybutynin.***” Transdermal delivery 
allows for bypassing of gastrointestinal and hepatic first- 
pass metabolism, thereby providing for more consistent 
absorption and a reduction in oxybutynin metabolite 
levels. As a result, lower drug dosages can be used and 
metabolite-related side-effects are reduced. Adult studies 
have shown marked improvements in urinary frequency, 
incontinent episodes, and nocturia, with a rate of 
side-effects that is lower than that associated with oral 
preparations.***? The most common adverse event is a 
localized skin reaction characterized by erythema 
and pruritis at the site of application. Clinical studies in 
children have yet to be performed, but the therapeutic 
potential certainly looks promising. 


Cutaneous vesicostomy 


Occasionally, despite maximal efforts, clean intermittent 
catheterization and anticholinergics are unsuccessful in 
managing high-risk bladders, controling reflux, avoid- 
ing infections, or preventing upper urinary tract deteri- 
oration. In addition, clean intermittent catheterization 
may not be reliably instituted because of social or 
anatomic factors. In these cases, cutaneous vesicostomy 
is a useful and reliable form of temporary urinary 
diversion in neonates and infants.“ The procedure 
involves creating a communication between the bladder 
and the skin of the lower abdominal wall, which allows 
for free and unobstructed drainage of urine (Figure 
69.1). Complications include prolapse, stomal steno- 
sis, stomal eversion, stones, and peristomal dermati- 
tis.“44° Anterior bladder wall stomas can allow for 
posterior bladder wall prolapse. The incidence of pro- 
lapse can therefore best be minimized by using a poste- 
rior portion of the bladder wall cephalad to the urachus 
for the vesicostomy. 


Bladder augmentation 


The objective of bladder augmentation is to create a low- 
pressure storage reservoir of sufficient capacity to preserve 
upper urinary tract function and maintain or establish 
urinary continence when maximal medical therapy is 
unsuccessful. Advances in surgical techniques have 
enabled the attainment of these goals with a high degree of 
reliability, and the experience with bladder enlargement 
has been extended to a variety of materials and tech- 
niques.“ Most commonly, intestinal segments are selected 
for bladder augmentation.“ More recent developments 
have focused on techniques attempting to preserve 
the bladder urothelium and thereby avoiding the intro- 
duction of intestinal mucosa into the urinary tract.’8>! 
Irrespective of the technique used, bladder emptying is 
usually impaired to some degree and, consequently, most 
children require clean intermittent catheterization post- 
operatively. All patients should additionally be made 
aware of the risk of bladder perforation, a potentially life- 
threatening complication that may occur following any 
form of bladder augmentation.* 


Techniques which do not preserve 
the urothelium 


Ileo- and colocystoplasty Bladder augmentation using 
ileum or colon has proven to be a reliable means of increas- 
ing bladder capacity and reducing bladder pressures.” 
The incorporation of these intestinal segments into the 
urinary tract, however, is associated with a number of long- 
term complications.” Because of the young patient popula- 
tion typically being treated, this long-term exposure to these 
complications is of significant concern. Complications most 
commonly observed include mucus production, bacterial 
colonization, electrolyte imbalances, metabolic acidosis, 
somatic growth retardation, and vitamin Bı) defi- 
ciency.’ Other concerns are the risk of calculus forma- 
tion and the development of malignancy (Table 69.1).°°” 


Gastrocystoplasty Stomach first gained popularity as an 
alternative to colon or ileum in children with chronic renal 
failure and azotemia as a direct result of its natural acid- 
secreting ability, which does not worsen the metabolic acido- 
sis.’*”4 The technique is also useful when bowel resection is 
not an option, as is the case with short-bowel syndrome. 
Mucus production is less problematic and the acidic urine 
may also reduce bacterial colonization and the incidence of 
urinary tract infections. Specific complications include inter- 
mittent hematuria, metabolic alkalosis, and the hematuria— 
dysuria syndrome, which is characterized by bladder or ure- 
thral pain and hematuria in the absence of infection (Table 
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(e) 


Cutaneous vesicostomy. (a) Transverse incision made midway between the umbilicus and symphysis pubis. (b) Modified Pfannenstiel 
approach. Fascial flaps are raised and the rectus muscles separated in the midline. (c) Urachal remnant, dome, and posterior bladder 
gradually accessed by progressively retracting the bladder inferiorly and sweeping away the peritoneum. (d) Site for cystostomy selected 
behind the ligated urachus. (e) Detrusor circumferentially anastomosed to the fascia below the cystostomy. The musosa is sutured to the 
skin with interrupted sutures. (From Keating MA: Incontinent urinary diversion. In: Marshall FF, ed. Textbook of Operative Urology. 


Philadelphia: WB Saunders, 1996, with permission Dr FF Marshall.) 


69.2).7>7© Children with incontinence or renal insuffi- 
ciency/oliguria tend to experience more problems with the 
hematuria—dysuria syndrome. Since the hematuria—dysuria 
syndrome does not always respond well to histamine antago- 
nists, this may pose a significant problem in children with 
normal bladder and urethral sensation. Although the 
majority of malignancies have been reported in patients 
undergoing enterocystoplasty, malignancies following 
gastrocystoplasty have been reported.’”*° These patients 
should have careful long-term follow-up. 


Techniques which preserve the 
urothelium 
Ureterocystoplasty The dilated ureter serving a non- 


functioning kidney can occasionally be used for bladder aug- 
mentation (Figure 69.2).8'*? Success with ureterocystoplasty 


has been excellent and, since the urothelium is preserved, 
acid-base disturbances and mucus production are not a 
problem.***° In addition, the procedure can be per- 
formed using an exclusively extraperitoneal approach.*° 
Since the procedure requires a severely dilated ureter and 
nonfunctioning kidney, however, its usefulness is limited 
to specific clinical situations. One report has proposed 
patient criteria for a successful ureterocystoplasty.*’ 
Specifically, patients without reflux and either a single or 
duplex collecting system can benefit from ureterocysto- 
plasty if the ureter is at least 1.5 cm in diameter. Patients 
with reflux improve only if the compliance of the total 
system is normal or mildly noncompliant (compliance 
greater than 20 ml/cmH,O). 


Autoaugmentation Excision or incision of the diseased 
detrusor with preservation of the urothelium creates 
a urothelium diverticulum that serves to augment the 
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Long term complications associated with 
ileo- and colocystoplasty 


Tleum Colon 


Medical 

Hyperchloremic metabolic acidosis 
Vitamin B, deficiency 

Bile salt malabsorption 

Somatic growth retardation 
Osteomalacia/rickets 

Alterations in drug metabolism 
Mucus production 

Bacterial colonization 

Malignancy 


+++++++++ 


+++++ 


Surgical 

Calculus formation 
Bladder perforation 
Bowel obstruction + + 


+ + 
+ + 


bladder.®**° The benefits of preserving the urothelium are 
maintained but the reported urodynamic outcomes have 
varied. Some reports have described only slight improve- 
ments in bladder capacity, whereas others have noted 
improvements in capacity with persistently high bladder 
pressures.””-** Several series have reported poor success 
rates in patients with neurogenic bladder dysfunc- 
tion.” The results of one such study suggest that the 
mechanism of action with autoaugmentation may be a 
direct effect on the ability of the detrusor to contract 
rather than augmentation of bladder volume. The authors 
feel that the patients most likely to benefit are those 
with primary detrusor instability and a high leak-point 
pressure.” 


Seromuscular enterocystoplasty The complications 
associated with enterocystoplasty are attributable to the 
presence of intestinal mucosa within the urinary 
tract.” Seromuscular enterocystoplasty makes use of 
demucosalized segments of ileum, colon, or stomach to 
augment the bladder and thereby avoid the potential dis- 
advantages of urine contact with intestinal mucosa.?>! 
The procedure can be performed with or without preser- 
vation of the urothelium. When the urothelium is 
preserved the detrusor is excised, leaving a urothelial diver- 
ticulum over which the seromuscular patch is then placed 
(Figure 69.3).°’"'"? When no attempt is made to preserve 
the urothelium, a standard clam enterocystoplasty tech- 
nique is used and the seromuscular patch is used to aug- 
ment the bladder using the standard enterocystoplasty 
technique.’-! 

The importance of postoperative bladder distention 
has consistently been stressed as essential to achieving 


Complications associated with gastrocystoplasty 


Hyperchloremic metabolic alkalosis 
Hypergastrinemia 
Hematuria—dysuria syndrome 
Peptic ulcer disease 


Dumping syndrome 


an optimal result in all reports describing the tech- 
nique.??1°?-19410° This can be achieved by one of two 
methods. When the urothelium is preserved and the sero- 
muscular patch is positioned over the exposed urothelial 
bubble, a Foley catheter can be left to straight drainage 
and positioned 20-30 cm above the level of the symphysis 
pubis for a period of 4-5 days.?7-10%!9,!06 A competent 
bladder outlet is important to optimize bladder distention 
in this case, and a concomitant bladder outlet procedure is 
recommended in patients with poor outlet resistance. In 
addition, since urothelial integrity is critical to minimiz- 
ing postoperative leaks, performing concomitant 
procedures that violate the urothelium should be 
avoided,22!02:106 

An alternative method makes use of an intravesical 
silicone mold that maintains the seromuscular patch in a 
distended state for a period of 10-14 days.’*! This tech- 
nique can be used both when the urothelium is and is not 
preserved. Short-term results to date have been encourag- 
ing, with postoperative urodynamic parameters and conti- 
nence rates paralleling those of standard augmentation 
techniques. Mucus production and electrolyte abnormali- 
ties do not appear to be a problem. 


Management of the bladder 
outlet 


Medications to increase 
outlet resistance 


Adrenergic nerves innervate the muscular fibers of the 
bladder base. Alpha agonists (ephedrine, pseudoephedrine) 
produce an increase in bladder outlet resistance and on 
occasion may improve urine storage. The results with 
these agents, however, are often less than satisfactory, 
but improvements in continence can occasionally be 
obtained in children with mild degrees of wetting due to 
sphincteric incompetence. In addition, side-effects, includ- 
ing hypertension, anxiety, headaches, and insomnia, may 
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Figure 69.2 

Operative stages of ureteral bladder 
augmentation. (a) Normal blood supply to 
ureter. (b) Ureteral detubularization following 
mobilization. (c) Reconfiguration of ureter into 
U-shaped patch. (d) Anastomosing ureteral patch 
to native bivalved bladder. (From Churchill BM 
et al. Ureteral bladder augmentation. J Urol 
1993; 150: 716-720.) 
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Figure 69.3 

Operative technique of seromuscular 
colocystoplasty lined with urothelium. 
(Reprinted with modification from 
Urology 44, Buson et al, Seromuscular 
colocystoplasty lined with 
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urothelium: experimental study, 
pp. 743-748, Copyright 1994, with 
permission from Elsevier Science.) 


be problematic, so that the use of these agents in managing 
the incompetent bladder outlet remains limited. 


Periurethral injection of 
bulking agents 


Bulking agents such as collagen, Teflon, and, more recently, 
dextranomer/hyaluronic acid copolymer can be injected sub- 
mucosally at the bladder neck to facilitate mucosal coaptation 
and achieve continence.'!*"*! Continence rates are difficult to 
interpret since variable criteria have been reported to define 


success. In addition, some authors have failed to show a 
durable response with long-term follow-up.!'®!*! When 
defined as a dry interval of 4 hours, continence rates are in 
the range of 5-63%. Success is often dependent on more than 
one injection, and as a result cost may become an important 
issue. Predictors of response to the injection of bulking 
agents are inconsistent, but at least one group has noted 
improved outcomes in patients with detrusor areflexia and 
low-pressure bladders.''” Attempts at defining urodynamic 
characteristics that may serve as predictors of long-term suc- 
cess have been unsuccessful.'” Importantly, collagen injec- 
tion has not been found to interfere with bladder neck 
surgery if this is subsequently required. 
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Bladder neck suspension and 
fascial sling procedures 


The use of bladder neck suspension techniques for the 
treatment of the pediatric neurogenic bladder has not 
gained widespread use. Reported continence rates achieved 
in girls in association with bladder augmentation have 
been at least 80%, with the longest period of follow-up 
being 30 months. 

Fascial slings improve outlet resistance by compression 
and elevation of the urethra. Reported continence rates 
have varied from 40 to 100% over a follow-up period of at 
most 4.5 years.'?*-!°6 The majority of patients have been 
girls. Attempts at improving outlet resistance have led to a 
number of modifications, including concomitant bladder 
neck tapering or circumferentially wrapping the bladder 
neck with rectus fascia, a rectus myofascial flap, or a strip 
of anterior bladder wall.'*”"!*? Bladder augmentation is 
often necessary to improve continence rates and intermit- 
tent catheterization is frequently required. Success using 


the procedure in boys has been reported in several 
series 127,131,133-137,139,140,142,143 


Urethral lengthening 
procedures 


The Kropp and Pippi Salle procedures create a fixed increase 
in bladder outlet resistance by using a portion of the anterior 
bladder wall to construct a one-way valve. The Kropp proce- 
dure consists of performing urethral lengthening with a 
tubularized segment of anterior bladder wall, which is reim- 
planted in the posterior intertrigonal area, creating a one- 
way valve mechanism similar to the antireflux mechanism 
procedures used for correction of vesicoureteral reflux 
(Figure 69.4).'“ Increases in intravesical pressures are trans- 
mitted to the submucosal urethral tube, thereby increasing 
closure pressure and preventing incontinence. 

The procedure is technically demanding and, conse- 
quently, revisions have been proposed to facilitate creation 
of the submucosal tube. Mollard and colleagues described 
resection of the muscular layer of the distal 50% of the 
tube to make it more pliable and facilitate submucosal tun- 
neling.'*? Snodgrass made use of a longitudinal bladder 
incision starting from the bladder neck and extending up 
between the ureteral orifices into which the detrusor tube 
was laid. Lateral mucosal flaps are then secured to either 
side of the tube.'“° The Pippi Salle procedure consists of 
fashioning an anterior bladder wall flap, which is then 
sutured to the posterior bladder wall in an onlay fashion. 
The neourethra is then covered with bladder wall and 
lateral mucosal flaps to fashion a submucosal tunnel 
(Figure 69.5),147-149 


Both these techniques commit the patient to inter- 
mittent catheterization, which at times may be diffi- 
cult. 144147148,150-152 Overall, more catheterization difficulties 
seem to be encountered with the Kropp procedure. As a 
result, thought should be given to performing a concomi- 
tant continent catheterizable channel to facilitate intermit- 
tent catheterization postoperatively.'°? Because bladder wall 
is sacrificed to lengthen the urethra, the postoperative 
development of low bladder capacity and poor compliance 
is a risk and, consequently, concomitant bladder augmenta- 
tion is often required with both techniques. !46148-151,153-155 
As a result of the potential risk for upper tract deterioration 
should bladder storage characteristics worsen, careful radi- 
ologic and urodynamic follow-up is essential. 

Reported continence rates are in the range of 77-91% 
for the Kropp'4-4815%!5! procedure, whereas those rates 
for the Pippi Salle!4%!48-!54)153-155 procedure are in the range 
of 64-94%. Outcome with the Pippi Salle procedure tends 
to be more favorable in girls.!°4"!°° 

An interesting variation on the Kropp and Pippi Salle 
procedures has recently been described.'*’ The miniature 
intravesical urethral lengthening procedure similarly uti- 
lizes an anterior bladder wall flap isolated in continuity 
with the bladder neck. The flap, which is shorter than that 
used for the Kropp and Pippi Salle procedures (1 x 3 cm), 
is then tubularized proximally and tunneled under the 
trigone. The remaining distal strip is then sewn to the 
bladder floor in an onlay fashion to complete the intraves- 
ical extension of the urethra. Continence was achieved in 
eight of nine patients and all except one were simultane- 
ously augmented. The mean period of follow-up was 31 
months. The authors suggest that since less bladder wall is 
used, this technique can be performed without concomi- 
tant bladder augmentation. It should be remembered how- 
ever, that any reinforcement of the bladder outlet puts the 
patent at risk for loss of bladder compliance. It seems 
unlikely that the change in flap size will have a major 
impact on the need for augmentation. 


The artificial urinary 
sphincter 


The artificial urinary sphincter was first introduced in 1974 
and has since undergone a number of improvements in 
design.'**!6! Continence is achieved by compression of the 
bladder neck or urethra by an inflatable cuff that can be 
intermittently deflated to allow for catheterization or void- 
ing. The preferred site of placement in children is around 
the bladder neck. Patients who empty their bladder with- 
out the need for catheterization prior to surgery may con- 
tinue to do so following sphincter placement'*'"' but, if 
necessary, intermittent catheterization can be instituted 
safely.'70"'”? It is essential that bladder capacity and 
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compliance be evaluated prior to placing an artificial 
sphincter, but admittedly this may be difficult in the 
presence of an incompetent bladder neck. 

Some centers have found that preoperative urodynamics 
may not accurately predict which patient will go on to 
require bladder augmentation'”*’”* but, nevertheless, fail- 
ure to recognize a clearly noncompliant bladder preopera- 
tively may put the upper urinary tract at an unnecessary 
and significant risk when outlet resistance is increased. In 
cases where bladder augmentation is required, this can be 


Figure 69.4 

(a) An anterior bladder wall flap 
(5 to 7 cm x 2.5 cm wide) is 
outlined. (b) The junction of the 
trigone and the bladder neck is 
identified from within and the 
mucosa of the bladder neck 
separated from the urethra. 

(c) The anterior bladder flap is 
tubularized with a one-layer 
suture (interrupted suture in the 
last 2 cm). (d) A posterior 
trigonal tunnel (6 x 3 cm wide) 
is created, beginning at the 
bladder neck and carried 
upward beyond the ureteral 
orifices. (e) The tubularized flap 
is reimplanted in the posterior 
submucosal tunnel and the 
anterior bladder wall is sutured 
over the bladder neck at the 
base of the neourethra. 
(Reprinted from Pippi Salle JL. 
Urethral lengthening for urinary 
incontinence. In: Gearhart et al, 
eds. Pediatric Urology, Copyright 
2001, with permission from 
Elsevier Science.) 


performed concomitantly without increasing the risk of 
complications. >16 

Despite having favorable preoperative bladder dynam- 
ics some patients may develop deterioration in bladder 
compliance and, therefore, postoperative urodynamic 
studies and careful radiologic and urodynamic follow-up 
are essential. 6>!165-169177178 The most common complica- 
tions include mechanical failure, erosion, and infection. 
Both erosion and infection result in permanent failure. 
Revision of the device has been high in most published 
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series, but more recent reports have noted a considerable 
improvement in the revision rate. Given that the artificial 
sphincter is a mechanical device with a finite lifespan, 
however, it can be expected that most patients will at some 
time require surgery for revision. Overall, continence rates 
from 61% to over 95% have been reported in those chil- 


dren having a functional artificial urinary sphincter still in 
place 163,164, 166—-169,179-181 


Figure 69.5 

(a) Anterior bladder wall flap with a wide base to 
improve vascular supply. (b) The flap mucosal edges 
are excised from the muscle to achieve a narrow 
rectangular mucosal strip with a rich blood supply. 
This allows a nonoverlapping two-layer 
anastomosis. (c) Parallel incisions are made in the 
posterior trigonal mucosa. If reimplantation is 
necessary, both ureters are disconnected and 
reimplanted superiorly in a cross-trigonal fashion. 
(d) The anterior flap is dropped onto the incised 
posterior mucosa and sutured in two layers 
(mucosa—mucosal and muscle—muscular) to the 
posterior wall in an onlay fashion. (e) The posterior 
mucosa lateral to either side of the trigonal incision 
is mobilized from the detrusor and used to cover 
the neourethra. (f) The anterior bladder wall is 
closed in front of the intravesical urethra in a 
tension-free manner. Tension over the neourethra 
can cause impairment of the flap vascular supply. 
(g) Schematic lateral view of the neourethra 
demonstrating its intravesical position and the 
flap-valve mechanism when the bladder fills. (From 
Pippi Salle JL, et al. Modifications of and extended 
applications for the Pippi Salle procedure. World 

J Urol 1998; 16: 279-284, Spinger-Verlag publishers, 
with permission.) 


Bladder neck closure 


Surgical failures following bladder neck reconstruction can 
be a challenge to manage. Scarring and poor tissue quality 
can make additional surgery difficult and prone to complica- 
tions and, as a result, the surgeon may be left with limited 
options. The best chance for establishing continence and sal- 
vaging a favorable outcome may rely on bladder neck closure 
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and creation of a continent catheterizable channel. A number 
of reports have documented a high rate of success with this 
procedure.'*-'§” The main concern following bladder neck 
closure is that of fistula formation. Measures to reduce this 
include interposition of rectus muscle or omentum between 
the closed bladder neck and urethral stump.'*'®? An alterna- 
tive to this involves extensive mobilization of the bladder 
neck posteriorly for at least 2 cm. The posterior bladder neck 
can then be brought anterior such that the closure lies ante- 
rior rather than inferior. Naturally, complications related to 
the continent catheterization channel are also a concern and 
not all that uncommon.!*!*” It should be remembered that 
closure of the bladder neck eliminates a pop-off mechanism 
should catheterization become impossible. As is the case with 
any type of bladder reconstructive procedure, it is imperative 
that patients comply with a regular catheterization schedule. 


Conclusions 


The treatment of neurogenic bladder dysfunction in chil- 
dren has been a major driving force behind a myriad of 
innovative surgical solutions; unfortunately, we must accept 
that none of these are perfect. It also needs to be kept in 
mind that the successful management of any given patient 
is defined by a multitude of variables and is not simply a 
good surgical outcome. Management goals are consistent 
from patient to patient, but the management strategies are 
not simply defined by urodynamic studies and urinary tract 
imaging. Often, the patient’s physical limitations as well as 
their emotional and social needs play a critical role in deter- 
mining a rational therapeutic strategy. 

Before any surgical reconstruction is entertained, avail- 
able medical management options should be exhausted. 
Bladder augmentation remains a reliable and highly suc- 
cessful means of dealing with the small capacity, poorly 
compliant, or hyperreflexic bladder. Far more controversy 
surrounds the management of the incompetent bladder 
neck, and the inherent difficulty of dealing with bladder 
neck incompetence underlies the variety of reconstructive 
techniques that has been described over the years. The most 
favorable management approach in a specific clinical situa- 
tion is therefore often defined by surgeon preference against 
the background of clearly defined patient expectations. 
Urodynamic studies performed with a balloon catheter to 
occlude the bladder neck may facilitate the process. 
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Treatment alternatives for different types of 
neurogenic bladder dysfunction in adults: 


an overview 


Erik Schick and Jacques Corcos 


Introduction 


Vesicourethral dysfunction secondary to degenerative 
processes, traumas, or neoplasias of the central or periph- 
eral nervous system will most certainly have a deleterious 
effect on the patient’s quality of life. 

For centuries, the prognosis of these pathologies on 
patient survival was bad. We know from the Edwin Smith 
papyrus that as far back as 1600 Bc the ancient Egyptians 
were aware of the relationship between the nervous system 
and urinary bladder function.! They considered spinal 
cord trauma as a ‘disease not to treat’? 

Statistics on spinal cord trauma are available since World 
War I. The mortality rate was extremely high in those days — 
more than 90% — mainly due to urinary complications 
such as urosepsis and renal insufficiency. Dramatic 
improvements in prognosis came during World War II 
when Sir Ludwig Guttmann, in England, established spe- 
cialized units to take care of these patients, and introduced 
the method of intermittent catheterization.’ During the 
1970s the use of urodynamics became more widespread, 
allowing a better understanding of the physiology and 
pathophysiology of the lower urinary tract. Translation of 
these new notions has significantly improved the prognosis 
of these patients. 

The main goals in treating patients with neurogenic 
bladder dysfunction are threefold: 


1. to preserve upper urinary tract integrity 
2. to insure adequate continence 
3. to minimize stone formation and urinary infection. 


All these therapeutic goals aim to improve the patient’s 
quality of life and prolong life expectancy. 

In the ideal situation, these objectives should be attain- 
able without the necessity of having to rely on a foreign 


body (i.e. a catheter) permanently installed in the urinary 
tract. 


Therapeutic classification of 
vesicourethral dysfunction 


Several classifications of vesicourethral dysfunction have 
been proposed in the literature. The latest, and probably 
the most original, is developed elsewhere in this book by 
A Matthiasson (see Chapter 45). Based mainly on Krane 
and Siroky’s work, we have elaborated a simple and prac- 
tical classification that is derived from observations 
obtained from urodynamic studies, and which focuses on 
therapeutic goals.* 

The bladder, as a reservoir, can exhibit only three types 
of dysfunction: 


1. underactivity or noncontractility 

2. overactivity (including those with decreased contractility) 

3. small capacity bladder with or without decreased 
compliance. 


The urethra, the outlet, can be obstructive owing to an 
anatomic cause (e.g. stenosis, or benign prostatic hyperpla- 
sia), functional alterations (e.g. vesicosphincteric dyssyner- 
gia), or it can be hypotonic (e.g. incontinence). In clinical 
practice, most often, both structures function abnormally 
to varying degrees (Table 70.1). 

Urodynamics investigation is the cornerstone of any 
treatment strategy in neurogenic bladder dysfunction. 
Nosseir et al’ reported on a retrospective study of 80 spinal 
cord injured patients in whom treatment modifications 
were based on the urodynamic findings. Except in 3 
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Urodynamic classification of neurogenic 
bladder dysfunction 


Bladder function Urethral function 
Normal Hypotonic 
Normal Hypertonic 
Overactive” Normal 
Overactive®? Hypotonic 
Underactive or noncontractile* Normal 
Underactive or noncontractile* Hypotonic 


a With or without decreased compliance; > with or without 
impaired contractility. 


patients (3.75%), the treatment strategy had to be modi- 
fied in all the other patients during the follow-up (mean: 
67.3 months; range 60-103 months). Urodynamics allows 
us to separately evaluate the reservoir function and outlet 
function, as well as the coordination of these structures 
during micturition. A well-conducted urodynamics study 
should answer the questions summarized in Table 70.2. 

In any kind of neurologic pathology associated with 
vesicourethral dysfunction, even complex situations can be 
logically analyzed by urodynamic evaluation, which esti- 
mates the component of the lower urinary tract that is dys- 
functional and to what extent. This allows us to elaborate a 


logical therapeutic plan that is adapted or personalized to 
each patient’s condition (see Chapters 68 and 69). 


Altered reservoir function 


As mentioned above, neurologic pathology can modify 
bladder function with three possible end results. 


The underactive or 
noncontractile bladder 


In this situation, the bladder cannot empty itself, or can do 
so only partially, leaving a high postvoid residual volume 
behind. Complete bladder emptying can be promoted by 
the following techniques. 


Clean intermittent catheterization 


Whenever the clinical situation permits, clean intermittent 
catheterization is one of the major approaches taken to 
ensure adequate bladder emptying. The credit goes to 
Lapides, who demonstrated that self-catheterization does 
not need to be sterile and is safe and harmless if the 
catheter is simply clean.** His observations, which revolu- 
tionized the management of patient bladder evacuation 
problems, are based on the premise that one of the mecha- 
nisms the bladder has to resist bacterial colonization is its 


Expected answers from a urodynamic study 


Questions to be answered 


Bladder behavior 


Urethral behavior 


Micturition 


Overactive, underactive, noncontractile 
Wall compliance 

Volume at first desire to void (B1) 
Cystometric capacity 

Postvoid residual volume 

High- or low-pressure system 

Bladder volume at limit of high pressure 
Hypertonic, hypotonic (UPP* at rest) 
‘Unstable’ (during the filling phase) 
Pressure transmission from the abdominal cavity (females) 
Synergic, dyssynergic 

Infravesical obstruction 


Detrusor contractility 


* UPP, urethral pressure profile. 
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periodic and complete emptying. At the present time this 
is the safest bladder management method for spinal 
cord injured patients with underactive or noncontractile 
bladder in terms of urologic complications.’ 


Transurethral electrical stimulation 
of the detrusor 


Katona et al,'° who stimulated the bladder wall with a 
monopolar electrode placed in the bladder per urethram, 
proposed direct stimulation of the detrusor muscle itself. 
Continuous 60-100 mA current stimulates the mechano- 
receptors of the bladder, provoking reflex detrusor con- 
traction.'! The sacral reflex arc must be intact and the 
patient must feel the desire to void during the sessions to 
successfully apply this technique. Daily stimulation ses- 
sions of 60-90 min for up to 80 days are necessary. This 
approach differs significantly from neurostimulation of the 
sacral roots, since the aim here is to rehabilitate the bladder 
to regain voluntary control of micturition. The 75% suc- 
cess rate claimed by the original investigators has been con- 
firmed by others!*"'° (see Chapters 55 and 65). 


Myoplasty of the detrusor 


To decrease a large, decompensated bladder, Klarskov 
et al!® suggested a partial cystectomy. It has been postulated 
that this will not only decrease bladder volume but also 
might increase the contractile efficiency of the detrusor. 
Hanna,” on the other hand, proposed ‘remodeling’ of the 
bladder, whereby a part of the bladder wall, stripped of its 
mucosa, covers the remaining bladder wall, much like a 
double-breast closure of the abdominal cavity. This would 
double the thickness of the detrusor, increasing its overall 
contractility. He operated on 11 patients (9 adults and 
2 children): 10 of them have been improved. 


Bladder wall strengthening by 
striated muscle flap 


More recently, the group of Tanagho'* demonstrated in the 
dog that use of the skeletal muscle, which can be stimu- 
lated, may serve to facilitate bladder emptying. Stenzl et al!” 
proposed detrusor myoplasty in humans, which consists of 
transposing a part of the latissimus dorsi muscle around 
the bladder in such a way that 75% of the bladder wall will 
be covered by this striated muscle. This free neuromuscu- 
lar flap is anastomosed to the lowest branches of the inter- 
costal nerve and the deep epigastric vessels. After a mean 
follow-up of 44 months (range 18-74 months), of the 20 
patients operated on, 14 were able to void spontaneously 
with less then 100 ml of postvoid residual urine 4 months 
following the operation. Additional bladder neck incision 


was necessary in 4 and only 2 (10%) remained on clean 
intermittent catheterization. No deterioration of the upper 
tract was observed.”° 


Tissue engineering techniques 


To realize a complete bladder substitution, Stenzl and 
Ninkovic’! suggested combining the above mentioned 
neurovascular muscle transfer with cultivated and 
expanded autologous urothelial cells which could be con- 
veyed onto the muscle. No clinical data are available using 
this technique at the present time. 

The use of acellular matrix as a bladder augmentation 
material is a subject of intensive experimental work,” 
but no clinical data are available using these different tech- 
niques either. Graft contracture and fibroproliferative reac- 
tion seem to be the major problems. Nevertheless, all these 
innovative approaches are promising for the future (see 
Chapter 60). 


Pharmacologic therapy 


Because motor innervation of the detrusor is mainly 
cholinergic, it seems logical to use this type of medication 
to enhance bladder emptying. Despite the theoretic advan- 
tages of this approach, very little success has been achieved 
in clinical practice. Awad et al’! pointed out the impor- 
tance of the agent’s route of administration. They suc- 
ceeded in obtaining spontaneous voiding and decreasing 
postvoid residual by injecting the medication subcuta- 
neously. Comparable results were not obtained with oral 
administration. However, it should be noted that side- 
effects increased with prolonged subcutaneous treatment. 


Decreasing urethral resistance 


Obviously, decreasing or eliminating urethral resistance 
should improve bladder emptying. This will be discussed 
in more detail below. 


Summary 


The underactive or noncontractile bladder is best managed 
at the present time, whenever possible, by clean inter- 
mittent catheterization. Electrostimulation becomes an 
increasingly valuable alternative, but is still expensive. 
Direct electrical stimulation of the bladder wall should be 
attempted when the sacral reflex arc is preserved. The time- 
consuming nature of this approach and the relatively lim- 
ited indications might prevent its widespread use, in spite 
of the favorable results reported in the literature. Striated 
muscle flap is still in its experimental phase and reserved 
for highly specialized centers within defined protocol 
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Hypo- or areflexic bladder 


CIC (whenever 


possible) Indwelling 


Reducing outlet eathotar 

resistance 
associated or not ; (urethral or 
with: (see Figure 70.4) suprapubic) 


e transurethral 
electrical 
stimulation of 
the bladder (if 
indicated) 


e myoplasty 
of the 
detrusor* 


e striated muscle 
flap to reinforce 
detrusor* 


* Still experimental 


Figure 70.1 

Algorithm for the treatment of underactive or noncontractile 
bladder. CIC, clean intermittent catheterization 

(see also Chapters 46 and 47). 


conditions. Long-term results in a substantial number of 
patients are not yet available. Tissue engineering tech- 
niques are promising, but still in the research laboratory. 
Pharmacologic manipulation in this group of patients has 
limited success and, at the present, has no real indication. 


The overactive bladder 


The pathophysiologic consequences of bladder overactivity 
are threefold: 


1. urinary incontinence can be provoked when the ampli- 
tude of bladder contractions exceeds urethral closure 
pressure 

2. a low-pressure system can become a high-pressure sys- 
tem if the uninhibited contractions are frequent, with 
an amplitude over 40 cmH,O, and/or bladder compli- 
ance decreases as a result of progressive bladder wall 
fibrosis 

3. vesicoureteral reflux can develop as a result of 
overactivity. 


Overactivity can be controlled by pharmacologic, electri- 
cal, and/or surgical means. 


Pharmacological manipulation 


Oral administration In the last decade, a large number 
of pharmacologic substances have been developed to 
control bladder overactivity. All of these substances have 
antimuscarinic properties, interfering with M; type recep- 
tors. Their overall efficacy in neurogenic overactivity is 
about 50%.” M;-selective antimuscarinic agents have not 
significantly improved the efficacy, but have reduced the 
major side-effect of excessively dry mouth.” No published 
randomized clinical trials have been performed on the 
newly developed anticholinergics — Ditropan XL (oxybu- 
tynin chloride™, (Ditropan, Ditropan XL)), tolterodine™ 
(Detrol, Detrol LA), Darifenacine bromhydrate™ 
(Enablex), etc. — in the neurogenic bladder patient popula- 
tion. However, 15-30 mg daily doses of Ditropan XL have 
been found to be very effective in the overactive bladder in 
clinical practice.***° Tropsium chloride™ (Trosec), a qua- 
ternary ammonium compound recently introduced in the 
United States, with high affinity to M,,M), and M; mus- 
carinic receptors, showed significant improvements in 
overactive neurogenic bladder patients. It is significantly 
better tolerated than immediate-release oxybutynin.*° A 
recent meta-analysis of antimuscarinics on health-related 
quality of life did not show significant differences among 
antimuscarinic agents, but provided evidence that these 
agents improve health-related quality of life in patients 
with overactive bladders.*” When the usual dosage of 
antimuscarinics failed, doubling the recommended doses 
could be efficacious?’ (see also Chapter 48). 


Transcutaneous administration James and Iacovon,’”? 
in a pilot study, used nitroglycerin dermal patches to con- 
trol bladder overactivity. They observed a reduction in 
diurnal and nocturnal frequency as well as a decrease in 
incontinence episodes per 24 hours. More recently, Davila 
et al“ reported the results of a multicenter trial with trans- 
cutaneous oxybutynin. Compared with oral administra- 
tion, the transdermal route had equal efficacy and a 
significantly improved side-effect profile in adults with 
urge urinary incontinence. This subject is examined in 
more detail in Chapter 50. 


Intravesical treatment Bladder overactivity involves an 
intact sacral reflex arc. Intravesically administered sub- 
stances can act on the efferent or on the afferent branches 
of this reflex arc. 

Anticholinergics block the efferent part of the reflex. 
Brendler et al“! used 5 mg of oxybutynin chloride in 20- 
30 ml of water in 10 incontinent patients. All of them became 
continent. Madersbacher and Jilg” studied oxybutynin in 13 
overactive bladder patients: out of 10 of these who presented 
incontinence between clean intermittent catheterizations, 9 
became continent. Even if the oxybutynin serum level was 
higher after intravesical than afteroral administration, the 
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side-effects of anticholinergics were totally absent in the 
intravesical group. In patients with enterocystoplasty, the 
side-effects were identical to the oral group. This observation 
led Massad et al** to conclude that a hepatic metabolite of 
oxybutynin is probably responsible for the side-effects. In a 
study of 12 patients with overactive bladder, Di Stasi et al 
found that oral oxybutynin had no effect. When adminis- 
tered intravesically, passive diffusion of oxybutynin signifi- 
cantly reduced urinary leakage, but with electromotive 
diffusion it caused significantly greater postvoid residual 
urine volume and fewer episodes of urinary leakage, together 
with measurable changes in urodynamic parameters: 
decreased duration and amplitude of uninhibited contrac- 
tions as well as increased bladder wall compliance. 

Multisite botulinum A toxin injection in the bladder 
(up to a total of 300 units) has been proposed to control 
overactivity. Schurch et al* reported their experience in 
31 spinal cord injury patients. Bladder capacity and 
mean reflex volume increased significantly, mean maxi- 
mum voiding pressure decreased, and postvoid residual 
volume rose. The duration of bladder paresis was at least 9 
months, when repeated injections were required (see also 
Chapter 49). 

Among substances interfering with the afferent branch 
of the reflex arc, one should mention capsaicin, resinifera- 
toxin, and Marcain (bupivacaine). Capsaicin and resinifer- 
atoxin, both vanilloids, block neurotransmission via small 
demyelinized C fibers, which come into function only 
after spinal disruption when myelinized Ad fibers cannot 
transmit information to the central nervous system. In 
idiopathic detrusor overactivity and in suprapontine 
pathology, where the C-fiber-mediated reflex does not 
emerge, these substances seem not to be effective.*° A con- 
trolled trial by de Séze et al“ showed that capsaicin was 
significantly more effective than placebo for continence, 
frequency, urgency, and patient satisfaction. In a meta- 
analysis by this same group,“ 84% of patients (97 out of 
115) with detrusor overactivity presented some improve- 
ment in their symptoms when treated with intravesical 
capsaicin. Worldwide experience suggests that 60-100% of 
patients might respond favorably to this kind of therapy by 
decreasing or eliminating incontinence episodes between 
clean intermittent catheterizations for 1-9 months without 
systemic toxicity.” 

At 1000-fold more potent than capsicin, resiniferatoxin 
is mainly interesting for the reduced local reaction that 
it provokes in the bladder.“ Resiniferatoxin trials were 
summarized by De Ridder and Baert.” The results on 
vanilloids are updated in Chapter 49. 

Local anesthetics block axonal conduction in unmyeli- 
nated nerve fibers. The clinical response is of very short dura- 
tion, and no protocol has been proposed using this approach 
to control detrusor overactivity. An extensive review on the 
intravesical administration of drugs in patients with bladder 
overactivity has been published by Ekstrém.°! 


Intrathecal administration According to the experience 
of Steers et al,” intrathecal infusion of baclofen, a 
y-aminobutyric acid (GABA) agonist, proved to be suc- 
cessful in patients with severe spasticity and bladder over- 
activity. In all of them, overactivity disappeared, bladder 
capacity increased by 72%, and bladder compliance 
improved in 16%. Kums and Delhaas*’ made similar obser- 
vations in 9 quadriplegics. In the last decade, however, no 
report on this approach to treat detrusor overactivity has 
been found in the literature (see Chapter 48). 


Neurostimulation 


Neurostimulation is the term used when electrical stimula- 
tion is applied directly to a nerve fiber to achieve a desired 
function (sphincter contraction or detrusor relaxation). 
Neuromodulation is the term used when electrical stimu- 
lation is applied to indirectly modify sensory and/or motor 
functions of the lower urinary tract. 

Neurostimulation is applied mainly in patients with 
complete SCI and preserved detrusor function. (It excludes 
patients with noncontractile bladder.) Introduced by 
Tanagho and Schmidt™ and Brindley et al,” this technique 
is most often associated with bilateral sacral posterior rhi- 
zotomy to reduce overactivity and autonomic dysreflexia. 
The success rate is high for bladder function, but less for 
rectal function.” The problem of electrical stimulation 
of the lower urinary tract is extensively covered in Chapters 
52, 53, 54, 55, and 61. 


Surgery 


Two main surgical procedures have been proposed in 
the literature to decrease detrusor overactivity and/or 
to manage low-compliant bladders: partial detrusorec- 
tomy (autoaugmentation) and enterocystoplasty. The 
ultimate goal with each procedure is to increase reser- 
voir capacity and reduce the amplitude of detrusor 
contractions. 

Enterocystoplasty is contemplated in patients with blad- 
der capacity less than 300 ml under anesthesia. Most com- 
monly, a detubularized segment of the distal ileum is used 
for this purpose, but a detubularized colic segment or part 
of the gastric wall can also be used. 

Excellent long-term results were reported in about 75% of 
patients, with improvement in another 20%. The most fre- 
quent complications were stone formation in the reservoir 
(20%) and reoperation (15%) to reaugment the bladder.” 

The main advantages of autoaugmentation over entero- 
cystoplasty are its lower morbidity (the peritoneal cavity is 
not opened, the gastrointestinal tract is not violated) and, 
in case of failure, further intestinal substitution is not pre- 
cluded. We reserve partial detrusorectomy for patients with 
bladder capacity over 300 ml under general anesthesia. 
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Detrusor myomectomy and enterocystoplasty offer com- 
parable success or improvement (see also Chapter 56). 


Summary 


The first step in the management of the overactive bladder 
should be a pharmacologic one. The oral route of admin- 
istration is used most frequently. Among transdermal anti- 
cholinergic patches, oxybutynin is the only one which 
underwent clinical trials. It showed equal efficacy and a 
better side-effect profile than the traditional oral route. 
Intravesical capsaicin will probably be replaced by the 
better-tolerated resiniferatoxin, but clinical trials have been 
recently suspended by the sponsoring pharmaceutic com- 
panies.“ Botulinum A toxin injections in the detrusor are 
promising, but must be repeated, probably on an annual 
basis or so. No long-term results exist. Intrathecal baclofen 
is not indicated at present for the treatment of overactive 
bladder, but one should remember that if a baclofen infu- 
sion pump is installed for other reasons (e.g. uncontrol- 
lable skeletal muscle spasticity), the patient might have 
some benefit from the urologic point of view as well. 
Neurostimulation constitutes the less-invasive surgical 
alternative. The still very expensive nature of this treatment 
modality limits its widespread use. More invasive surgical 
procedures include bladder autoaugmentation or entero- 
cystoplasty, with equally good long-term results and an 
acceptable complication rate (Figure 70.2). 


Altered outlet function 
Infravesical obstruction 


From the functional point of view, distinction should be 
made between occlusion and obstruction. Occlusion is a 
static phenomenon, as it can be observed: e.g., during a 
cystoscopic examination. Viewing the lateral lobes of the 
prostate from the verumontanum, one is looking at a sta- 
tic image. It is impossible to extrapolate from this obser- 
vation how the proximal urethra will relax in response to 
detrusor contraction and to what degree urethral funnel- 
ing will allow the normal passage of urine. In contrast, 
obstruction is a dynamic phenomenon which, in hydrody- 
namics, means high pressure associated with decreased 
flow. This can only be objectively demonstrated by urody- 
namics. Infravesical urethral obstruction can be anatomic 
(e.g. urethral stenosis or BPH) or functional (e.g. vesi- 
cosphincteric dyssynergia). The specific problem of 
benign prostatic hypertrophy and neurogenic bladder dys- 
function is discussed in more detail elsewhere in this book 
(see Chapter 73). We will concentrate on functional 
obstructions. 


Overactive bladder Anticholinergics (per os) 


Pharmacology 


Intravesical 
resiniferatoxin 


Anticholinergics 
Zoe (intravesical if CIC) 


Intramural injections of 
botulinum toxin A 


Neurostimulation 
(expensive) 


Partial dertusorectomy 


Enterocystoplasty 


Figure 70.2 
Algorithm for the treatment of overactive bladder. CIC, clean 
intermittent catheterization. 


The pharmacologic approach 


From the theoretic point of view, alpha-blocking agents 
and those that might relax the striated sphincter (together 
with the pelvic floor) should decrease urethral resistance 
during micturition. This approach can be beneficial in the 
neurologically intact patient, but their use in the neuro- 
logic patient is less effective. It should be noted, however, 
that no randomized, double-blind study has demonstrated 
the role of these substances in the neurologic bladder. 

Dykstra and Sidi®' injected botulinum A toxin locally in 
the striated sphincter once a week for 3 consecutive weeks 
in 5 patients with proven vesicourethral dyssynergia. 
Electromyographic (EMG) activity in the striated sphinc- 
ter was abolished after the injections, while maximum ure- 
thral closure pressure, voiding pressure, and postvoid 
residual all decreased. Follow-up of these patients was not 
provided. 

Fowler et al® also injected botulinum A toxin in the 
external sphincter of 6 non-neurologic women who exhib- 
ited chronic urinary retention. None of the women 
improved, a failure that might be explained by the fact that 
these patients were neurologically normal. 

Phelan et al® reported on the efficacy of botulinum 
toxin injection in the urethral sphincter of men and 
women with acontractile bladder. All but 1 of the 21 
patients treated voided without catheterization, postvoid 


Treatment alternatives for different types of neurogenic bladder dysfunction in adults 831 


residual decreased by 71%, and voiding pressure by 38%. 
Transient incontinence was sometimes observed.” 
Indications for botulimun A toxin injection in the urethral 
striated sphincter include at the present time (1) neuro- 
genic detrusor-sphincter dyssynergia (e.g., traumatic 
spinal cord injury, multiple sclerosis, etc.) and (2) an alter- 
native to self-catheterization in urinary retention (e.g., 
detrusor underactivity,® surgical bladder denervation, 
cauda equina injuries, etc.).°° 

In the previously quoted study by Steers et al,” intrathe- 
cal infusion of baclofen not only abolished bladder hyper- 
reflexia in all patients but it also eliminated vesicosphincteric 
dyssynergia in 40% of them. 

Recently a new substance, nitric oxide, emerged as a pos- 
sible pharmacologic agent that may lower urethral pres- 
sure.*” It has been demonstrated in healthy males that 
isosorbide dinitrate, a nitric oxide donor, effectively low- 
ered resting urethral pressure.®* It also reduced signifi- 
cantly bladder outlet obstruction in 12 spinal cord injured 
men with detrusor-sphincter dyssynergia.” 


Reversible surgical procedures 


Intraurethral stents Growing experience suggests that 
intraurethral stents are effective in eliminating vesi- 
cosphincteric dyssynergia. According to the North 
American experience, 13% of the prostheses were with- 
drawn during the 24-month observation period.” The 
result was 11% in a European study, with a global compli- 
cation rate of 38%.” An excellent in-depth review of the 
subject, including sphincterotomy and a comparison 
between the two treatment modalities, was presented by 
Rivas and Chancellor.” 

Clinical experience with a thermo-expandable stent 
(Memokath”) was disappointing, mainly because of the 
number of complications necessitating its removal, and 
also because of the relatively limited ‘lifetime’ of the stent 
(21 months).”? Long-term follow-up (12 years) with the 
mesh wallstent (Urolume®) suggests that it can be an alter- 
native to sphincterotomy. The main complication with this 
device is bladder neck dyssynergia, which can be success- 
fully managed by bladder neck incision.” 


Transurethral balloon dilatation Chancellor et al” pro- 
posed hydraulic dilatation of the striated urethral sphinc- 
ter. Their study, of 17 male patients with vesicourethral 
dyssynergia, demonstrated interesting results 1 year later: 
micturition pressure decreased significantly (83 + 35 
cmH,0O vs 37 + 15 cmH,0), as well as postvoid residual 
(163 + 162 vs 68 + 59 cmH,O). One year postoperatively, 
82% of the patients voided adequately. Even autonomic 
dysreflexia, when present, was improved. No long-term 
follow-up was provided. 


Overdistention of the female urethra Overdistention 
should be very generous to rupture the helicoidal fibers of 
the urethra. If the bladder neck is competent, stress 
incontinence should not result from this approach.’° 
Transurethral resection of the bladder neck in females 
should be avoided, as stress incontinence will most likely be 
its consequence. 


Credé’s maneuver This maneuver is more efficacious, 
especially in females, when the pelvic floor muscles are par- 
alyzed. The increased abdominal pressure is dissipated in 
part by the flaccid pelvic floor, and lesser pressure will be 
exerted simultaneously on the proximal urethra. Bladder 
evacuation, however, is never complete with this technique. 


Irreversible surgical procedures 


Transurethral bladder neck/prostate incision/resection If 
the patient is able to void during urodynamic testing, 
distinction can be made between constrictive and compressive 
obstruction.” If the obstruction is constrictive in nature and 
there is no anatomic stenosis at the level of the anterior 
urethra, we prefer transurethral incision of the bladder neck, 
as described a number of years ago by Turner-Warwick.”® Our 
incision, however, is not limited strictly to the bladder neck, 
but goes down to the level of the verumontanum, including 
the lateral lobes of the prostate as well. We observed less 
restenosis after incision than after resection of the bladder 
neck, which is contrary to the experience of others.” 


Sphincterotomy When fluoroscopy cannot be combined 
with urodynamics (video-urodynamics), it is not always 
easy to decide when to perform sphincterotomy alone and 
when to combine it with bladder neck incision. Gardner 
et al” combined cystography and static urethral pressure 
measurements: their algorithm is illustrated in Figure 70.3. 
In our experience, X-ray studies are recommended, but not 
absolutely mandatory. When pressure—flow assessment 
demonstrates obstruction and maximum urethral closure 
pressure (MUCP) is high, transurethral surgery can 
include sphincterotomy as well. If MUCP is low, sphinc- 
terotomy is probably not useful. 


Summary 


Increased urethral resistance can be weakened by pharma- 
cologic means, which, in the form of oral medication, is 
less efficacious than in the non-neurologic patient. 
However, it should be the first-line treatment. In case of 
failure, transurethral injection of botulinum A toxin can be 
offered. Nitric oxide donors might prove useful in the near 
future. Intraurethral stents are effective, but not exempt 
from causing morbidity and their removal after a prolonged 
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Cystography UPP 


Suggested treatment 


MUCP | ——-~ Bladder neck incision alone 


Bladder neck closed 


MUCP | ———~ Bladder neck incision combined 


MUCP, ——~ Nil 


Bladder neck open 


MUCP] ——~ Sphincterotomy alone 


time period can be quite challenging. Balloon dilatation 
has never gained wide acceptance, despite the fact that it 
is easy to perform, relatively inexpensive, produces lim- 
ited complications, and gives good results. Unfortunately, 
no long-term results are available with this form of ther- 
apy. Overdilation of the female urethra should not result 
in stress urinary incontinence. Sphincterotomy with or 
without bladder/prostate incision/resection, although 
the most invasive alternative, remains the gold standard 
in the management of the obstructive male urethra 
(Figure 70.4). 


The hypotonic outlet — 
incontinence 


Urinary incontinence can result from an alteration in 
reservoir function (overactivity, decreased compliance, 
small capacity) or a sphincteric failure at the level of the 
urethra. How to obviate alterations in reservoir function 
has been discussed previously. In the following sections we 
will summarize the possibilities of increasing urethral 
resistance. It should be pointed out that the prerequisite to 
augmented resistance is a low-pressure bladder reservoir. 


Urethropexy 


When intrinsic sphincter deficiency and abdominourethral 
pressure transmission failure are demonstrated in patients 
with neurogenic bladder, urethropexy can be performed. A 
detailed description of the multiple techniques proposed in 
the literature to achieve this is beyond the scope of our 
chapter. At the moment, Burch urethropexy*’ is the gold 
standard, as modified by Tanagho.*' After having been used 
mainly for the failure of previous urethropexy, and the 
treatment of stress urinary incontinence without bladder 
neck hypermobility, sling operations became more popular 


with sphincterotomy 


Figure 70.3 

Algorithm to decrease urethral resistance. 
UPP, static urethral pressure profile; 

MUCP, maximum urethral closure pressure. 
(Reproduced with permission from 
Gardner et al”). 


Bladder outlet obstruction 


Oral: e a-blockers 
e nitric oxide donor* 


Pharmacologic A 


Intrasphincteric injection: 
botulinum toxin A 


Male: e balloon dilatation 
y Pa e intraurethral stents 


Reversible surgery S 


Female: e urethral overdistention + 
Crédé’s maneuver 


TUR/TUI (prostate, 
bladder neck) 


E il 


Irreversible surgery 
(male only) n 


* Still experimental 


Sphincterotomy 


Figure 70.4 

Algorithm for the treatment of functional bladder outlet 
obstruction. TUR, transurethral resection; TUI, transurethral 
incision. 


during the last decade, and indications have been widened. 
Recent studies comparing the efficacy of Burch colposus- 
pension with suburethral slings suggest that there is prob- 
ably no significant difference between these procedures as 
far as the cure of stress urinary incontinence is con- 
cerned. However, a recent Cochrane Review analyzing 
different sling operations for urinary incontinence in 
women concluded that ‘reliable evidence on which to judge 
whether or not suburethral slings are better or worse then 


Treatment alternatives for different types of neurogenic bladder dysfunction in adults 833 


other surgical or conservative management is currently 
unavailable’.*” Different sling materials have been used, 
such as autologous fascia, cadaveric fascia, and a variety of 
artificial materials. Among the commercially available 
materials, the tension-free vaginal tape (TVT) technique, 
and more recently the transobturator tape (TOT), have 
gained much popularity, and have the potential to replace 
the traditional retropubic approach.** The precise indica- 
tions for TVT or TOT use are not yet clearly defined in the 
literature. 

Suburethral sling operations in neurogenic bladder dys- 
function are reported mainly in children with spina 
bifida,” however a few cases in adult males with pubo- 
prostatic slings have also been described.?! No long-term 
results are available for the recently developed devices 
which provide a fixed urethral compression to insure con- 
tinence in the male. They may prove to be effective in the 
long run in mild-to-moderate incontinence.” 


Periurethral injections 


Berg was the first to report on periurethral injection of 
Teflon paste in the submucosa of the vesical neck to 
increase urethral resistance.” Because microparticles of 
this paste have been recovered from the lymphatic ganglia, 
liver, spleen, brain, and kidney, alternative substances have 
been proposed.” Collagen has been the most widely used 
substance,” followed by autologous fat tissue” and silicone 
microspheres (Genisphere”).?” Pineda and Hadley pub- 
lished an extensive review on the subject.’ The overall suc- 
cess rate in the reported series in females is between 54% 
and 83% for collagen and 43% and 86% for fat. In men, the 
overall success rate is between 36% and 100% for collagen. 
No series were found with fat injection in males. This treat- 
ment modality has not been studied in detail in the neuro- 
genic population. Only a few reports reflect the experience 
in patients with neurogenic bladder dysfunction.” 


Artificial urinary sphincter 


Artificial urinary sphincter remains the gold standard, 
especially in males, for the treatment of urinary inconti- 
nence secondary to sphincter weakness. Fulford et al! 
reported on 68 patients, all of them followed for more than 
10 years: 75% of them had satisfactory continence, but 
only 13% still retained their original device. This suggests 
that the lifetime of the artificial sphincter is around 10-15 
years, which has been confirmed by Spiess et al,!°! who 
studied 30 meningomyelocele children in whom an artifi- 
cial sphincter was implanted at the bladder neck or the bul- 
bar urethra. Survival analysis of the sphincter device 
revealed a sharp drop after 100 months, with only 8.3% of 
the sphincters still functioning beyond this point. A recent 
long-term follow up (13 years) suggest that artificial 


urinary sphincter implantation remains a durable treat- 
ment also for the neurogenic bladder patient population. 


Urethra replacement 


When the urethra is judged nonsalvageable from the func- 
tional point of view, it can be replaced by a muscular tube 
obtained from the detrusor. Two main surgical techniques 
have been described. The Young—Dees—Leadbetter tech- 
nique creates a muscular tube from the trigone. This neces- 
sitates reimplantation of both ureters in an extratrigonal 
site. Long-term results showed perfect continence in 57% 
of adults and 70% of children.'” Tanagho™ proposed cre- 
ation of the tube from the anterior bladder wall. This leaves 
the ureterovesical junction undisturbed. Good to excellent 
results were obtained in 71.5% of the 56 patients operated 
on (see also Chapter 57). 


Supraurethral derivation 


When the clinical situation is such that neither the 
Young—Dees—Leadbetter operation nor the Tanagho tech- 
nique is feasible, supraurethral derivation might become 
necessary. This creates an abdominal stoma which can be 
continent or incontinent. It frequently implies, especially 
in females, the simultaneous closure of the bladder neck 
(see Chapter 58). 


Summary 


Failure of the sphincter mechanism in males is best treated 
by the implantation of an artificial sphincter, which might 
even be the first line of treatment. Pharmacologic substances 
are rarely effective enough in ensuring continence, and peri- 
urethral injections do not resist time. In females, suburethral 
slings are an interesting option, especially if the patient is on 
a clean intermittent catheterization regimen. In this case, the 
sling might even be overstretched to some extent to allow 
continence, bladder emptying being secured by catheteriza- 
tion. When complete replacement of a nonsalvageable ure- 
thra is indicated, both posterior (trigonal) and anterior 
bladder wall tubes give almost the same good results. It 
should be kept in mind, however, that these are complex sur- 
gical procedures with some degree of associated morbidity. 
Supraurethral derivation (continent or incontinent) should 
be considered as a last resort treatment (Figure 70.5). 
Finally, when treating patients with neurogenic vesi- 
courethral dysfunction, we should keep in mind the rec- 
ommendation of the National Institute on Disability and 
Rehabilitation Research Concensus Statement,!°? which 
concluded: ‘A common concern among people with spinal 
cord injuries is that physicians will alter bladder manage- 
ment programs without regard to lifestyle needs. 
Social/vocational flexibility may be more important to 
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Female: 


Increase urethral resistance 


e bulking agents 
e slings 


e urethropexy 


\ 


Artificial urinary sphincter 


Posterior urethral replacement (males only) 


Supraurethral derivation 


* Still experimental 


Figure 70.5 
Algorithm for the hypotonic outlet — incontinence. 


them than state-of-the-art bladder management programs. 
Future research should focus on obtaining more represen- 
tative samples and investigate psycho-social-vocational 
implications as well as additional clinical-medical factors. 
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Complications related to neurogenic bladder 
dysfunction — I: infection, lithiasis, and neoplasia 


Gamal Ghoniem and Mostafa Elmissiry 


Infection 
Definitions 


e Urinary tract infection is an inflammatory response of 
the urothelium to bacterial invasion that is usually 
associated with bacteriuria and pyuria. It is defined by 
‘urine culture showing more than 10° bacterial colonies 
in 1 ml of urine’! 

e Bacteriuria is ‘the presence of bacteria in the urine’ It is 
well known that urine is normally free of bacteria; 
hence, bacteruria implies that these bacteria are from 
the urinary tract and are not contaminants from the 
skin, vagina, or prepuce. Bacteruria can be sympto- 
matic or asymptomatic. It does not necessarily mean a 
urinary tract infection (UTI).' 

e Pyuria is ‘the presence of white blood cells (WBCs) in 
the urine’ It is generally indicative of an inflammatory 
response of the urothelium to bacterial invasion. Pyuria 
alone is not diagnostic of infection, because it may occur 
from the irritative effect of a urinary catheter, especially 
if it is at a low level of less than or equal to 30 WBC/HPF 
(high power field). Bacteriuria without pyuria indicates 
bacterial colonization rather than infection.” 


Incidence 


UTIs are among the most common urologic complications 
of neurogenic bladder. It has been estimated that approxi- 
mately 33% of spinal cord injury patients have bacteriuria 
at any time.? One prospective study on patients on inter- 
mittent catheterization or condom catheterization 
reported an incidence of febrile UTIs of 1.8 per person per 
year.’ UTI is the most common cause of fever in the spinal 
cord injury patient; the UTI can be acute or chronic, 
relapsing or recurrent. The term ‘relapse’ implies infection 
by the same organism, while ‘recurrent’ infection implies 
infection with a different strain of bacteria.® 


Specimen collection for 
culture 


In both sexes, the external urethral meatus must be 
exposed and cleaned by antiseptic solution. The first 50 ml 
of urine is passed without collection. Afterwards, approxi- 
mately 50 ml of midstream urine is collected in a sterile 
container. The urine should be cultured as soon as possible 
or kept refrigerated and cultured within 24 hours.” To 
obtain a urine specimen from a patient with neurogenic 
bladder dysfunction (NBD), external stimulation (usually 
suprapubic percussion) can be used. If this is impossible, 
urine should be obtained by a single catheterization. 


Pathogenesis 


There are many risk factors that lead to the development of 
UTIs in patients with NBD. The 1992 National Institute on 
Disability and Rehabilitation Research Consensus Conference 
examined the problems associated with UTIs in spinal cord 
injury patients. Among the risk factors identified were 
overdistention of the bladder, elevated intravesical pressure, 
increased risk of urinary obstruction, vesicoureteric reflux 
(VUR), presence of bladder diverticulae, impaired voiding, 
instrumentation, and increased incidence of stones (Figures 
71.1 and 71.2). Other factors that have been implicated are 
decreased fluid intake, poor hygiene, perineal colonization, 
decubiti and other evidence of local tissue trauma, and 
reduced host defense associated with chronic illness.* 

The method of bladder management has a profound 
impact on UTI. Suprapubic catheters and indwelling ure- 
thral catheters eventually have an equivalent infection 
rate.® However, the onset of bacteruria may be delayed 
using a suprapubic catheter compared with a urethral 
catheter. Since its introduction by Lapides® and colleagues 
in 1972, clean (but not sterile) intermittent catheterization 
(CIC) has been shown to decrease lower tract infections by 
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Figure 71.1 

Cystogram of an 18-year-old patient with post-traumatic spinal 
cord injury. Classic ‘Christmas tree’ bladder can be seen 

with an indwelling urethral catheter inside it. 


maintaining low intravesical pressure and reducing the 
incidence of stones.*” 


Bacteriology and laboratory 
findings 


Urinalysis will show bacteriuria and pyuria. The National 
Institute on Disability and Rehabilitation Research 
Consensus Statement recommended the following criteria 
for the diagnosis of significant bacteriuria in spinal cord 
injury patients. Any detectable bacteria from indwelling or 
suprapubic catheter aspirates was considered significant 
because the vast majority of patients with an indwelling 
catheter and low-level bacteriuria showed an increase to 
greater than 10° cfu (colony forming unit)/ml within a 
short period of time. For patients on CIC, greater than or 
equal to 10° cfu/ml was considered significant. For catheter- 
free males, a clean voided specimen showing greater than or 
equal to 10* cfu/ml was considered significant. !®" 
Bacteriuria in spinal cord injury patients differs from 
that in patients with intact spinal cords in its etiology, com- 
plexity, and antimicrobial susceptibility and is influenced 
by the type and duration of catheterization. Escherichia 


Figure 71.2 

Combined pressure—-flow—EMG study of a 21-year-old male with 
spinal cord injury. The bladder has a low capacity and low 
compliance with superadded detrusor overactivity (DOA). Note 
the high detrusor leak-point pressure (DLPP = 66 cmH,0 at a 
volume of 181 ml). This patient needs augmentation. 


coli is isolated in approximately 20% of patients. Enterococci, 
Proteus mirabilis, and Pseudomonas are more common 
among spinal cord injury patients than patients with intact 
spinal cords. Other organisms that are quite often cultured 
Klebsiella, Proteus, Serratia, Providencia, Staphylococcus, 
and Candida species.! 

The bacteria which produce urease are particularly 
harmful. Urease is an enzyme that causes significant alka- 
linization of urine, which promotes the precipitation of 
struvite stone (magnesium—ammonium—phosphate and 
calcium carbonate) in the upper and lower urinary tract. 
The most common organism associated with struvite cal- 
culi is P. mirabilis. Other organisms include Ureaplasma 
urealyticum, Providencia stuartii, Yersinia enterocolitica, 
and Bacteroids corrodens." 

Most bacteriuria in short-term catheterization is of a 
single organism, whereas patients catheterized for longer 
than a month will usually demonstrate a polymicrobial 
flora caused by a wide range of gram-negative and gram- 
positive bacterial species.'* Such specimens commonly 
have two to four bacterial species, each at concentrations of 
10° cfu/ml or more. Some may have up to six to eight 
species at that concentration. This phenomenon is due to 
an incidence of new episodes of bacteriuria approximately 
every 2 weeks and the ability of these strains to persist for 
weeks and months in the catheterized urinary tract.'° Two 
of the most persistent species are E. coli and P. stuartii. P. 
stuartii is rarely found outside the long-term catheterized 
urinary tract and may use the catheter itself as a niche.'”'® 
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Lower urinary tract infections 
Cystitis 


Cystitis is the most common complication of neurogenic 
bladder. Flow of urine through the urinary tract and void- 
ing are the primary bladder defenses against infection. 
Since most of the NBD patients have residual urine in their 
bladders, they are usually susceptible for recurrent attacks 
of cystitis.” 

Because of partial or complete loss of sensation, patients 
do not usually experience frequency, urgency, or dysuria. 
More often, they complain of fever, back or abdominal dis- 
comfort, leakage between catheterizations, increased spas- 
ticity, malaise, lethargy, and/or cloudy, malodorous urine.!” 
Urinalysis usually shows bacteriuria, pyuria, and hematuria. 
Urine culture remains the definitive test to prove infection. 

Treatment is by giving the specific antibiotics. The dura- 
tion of therapy is not established, but 4 to 5 days is recom- 
mended for the mildly symptomatic patient and 10 to 14 
days for sicker patients. Some times, acute cystitis may cause 
severe bleeding requiring bladder drainage and periodic 
irrigation together with antibiotic therapy.'? Recurrent 
UTIs may be associated with high storage pressures, and 
intervention to decrease storage pressure may decrease the 
incidence of symptomatic UTI.” 


Urethritis 


This usually occurs in patients with indwelling urethral 
catheters, less commonly with CIC. Occasionally, blockage 
of the periurethral gland by the catheter occurs and, with 
secondary infection, this will lead to the formation of a 
periurethral abscess. Acute nontreated periurethral abscess 
may represent a life-threatening condition when the Buck’s 
fascia is penetrated, leading to necrosis of the subcuta- 
neous tissue and fascia. Immediate suprapubic cystostomy 
is mandatory together with wide debridment of all nonvi- 
able tissues. At the same time, aggressive intravenous 
antibiotic therapy should be started.” 

In a less acute or more chronic stage, the abscess may 
evolve in three different directions. It can drain sponta- 
neously to the penile skin and heal without sequel. More 
often, however, it may drain inside the urethral lumen, cre- 
ating a diverticulum that needs surgical excision otherwise 
recurrent periurethral abscess may develop (Figure 71.3). 
The last fate of the abscess is to drain simultaneously at 
both sides forming a urethra—cutaneous fistula, which also 
needs surgical excision. 


Epididymitis 
This is also a catheter-related infection. It is usually 
caused by spread of infection from the urethra or bladder 


Figure 71.3 

Voiding cystourethrogram (VCUG) of a 28-year-old female with 
urethral diverticulum developing after history of chronic 
indwelling catheterization. Note the saddle configuration of the 
diverticulum. 


which reaches the epididymis via the vas deferens in a ret- 
rograde fashion. The most common cause of epididymi- 
tis in NBD patients, therefore, is due to the organisms 
that cause urethritis. These include Neisseria gonorrhea, 
E. coli, and Chlamydia trachomatis.” Acute epididymitis 
is a clinical syndrome consisting of pain, swelling, and 
inflammation of the epididymis of less than 6 weeks. In 
neurologically affected patients, pain is usually absent 
because they do not have adequate sensation. The only 
clinical sign is swelling and flare. Fever may be detected in 
the acute stage. Treatment is by specific antibiotics 
according to culture results. Quinolones can be given 
until the result of culture appears. In rare conditions, in 
neglected cases, infection may reach the testicle and cause 
orchitis, with the eventual formation of abscess. Treatment 
should include abscess drainage plus strong antibiotics. 
Sometimes, if the testis is found damaged, orchiectomy 
becomes the solution.” 


Prostatitis 


Prostatitis is the most common urologic diagnosis in men 
younger than 50 years and the third most common uro- 
logic diagnosis in men older than 50 years (after BPH and 
prostate cancer).”’ Bacteria most often gain the prostate by 
infected urine refluxing into prostatic ducts. 

In patients with NBD, neurophysiologic obstruction 
resulting in high-pressure dysfunctional flow patterns has 
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Combined pressure—-flow—EMG of a 16-year-old male with type-I 
detrusor-sphincteric dyssynergia (DSD). Note the low urinary flow 
in spite of the sustained high detrusor pressure with detrusor 
contraction (>100 cmH,0). 


been implicated in the pathogenesis of the prostatitis syn- 
drome. On video-urodynamic studies, many patients with 
prostatitis show incomplete funneling of the bladder neck 
as well as vesicourethral dyssynergic patterns. This high- 
pressure, dysfunctional voiding may increase intraprostatic 
ductal reflux in susceptible individuals (Figures 71.4 and 
71.5). Alternatively, this dyssynergic voiding may lead to an 
autonomic overstimulation of the perineal—pelvic neural 
system with subsequent development of a chronic neuro- 
pathic pain state.” 

The most common cause of prostatitis is the Enter- 
obacteriaceae family of gram-negative bacteria, commonly 
strains of E. coli, identified in 65 to 80% of infections. 
Pseudomonas aeruginosa, Serratia species, Klebsiella species, 
and Enterobacter aerogenes are identified in a further 10 
to 15%.” 

Bacterial prostatitis in NBD is generally chronic and 
asymptomatic. The most important clue in the diagnosis is 
a history of documented recurrent UTIs. Between 25 and 
43% of patients diagnosed with chronic bacterial prostati- 
tis were reported to have had a history of recurrent UTIs.” 
Urinalysis is usually free of pus cells. Segmented lower uri- 
nary tract cultures should be done to localize the infection 
in the prostate.” Treatment is composed mainly of antibi- 
otics that have good diffusion power into the prostatic tis- 
sues, such as trimethoprim and fluoroquinolones. Other 
agents like alpha-blockers and anti-inflammatory drugs 
may also be used.’ 


Figure 71.5 

Cystoscopy of the same patient showing closed bladder neck 
with bladder filling (left side, black arrow). On bladder 
contraction, the bladder neck opens (right side, black arrow) but 
the external sphincter contracts at the same time (right side, 
blue arrow) leaving only the prostatic urethra opened. 


Upper urinary tract infection 
(pyelonephritis) 


There are two main risk factors contributing to the occur- 
rence of pyelonephritis among NBD patients. Firstly, recur- 
rent lower urinary tract infections may interfere with the 
antireflux mechanism, causing reflux of infected urine to 
the kidney. Secondly, functional infravesical obstruction, 
such as detrusor-sphincteric dyssynergia (DSD), leads to 
stasis of urine and high intravesical pressure, both creating 
a risk of reflux of an already infected urine.”' In a study on 
a group of patients with DESD, Chancellor and Rivas found 
that over 50% of men with DESD will develop significant 
complications, such as VUR, upper tract deterioration, 
urolithiasis, urosepsis, and ureterovesical obstruction.’ 

As sensation is often absent in neurologic patients, the 
main clinical symptom of acute pyelonephritis is fever up 
to 40°C. Urinalysis shows pyuria, bacteruria, and micro- 
scopic hematuria. Blood tests may show a polymorpho- 
nuclear leukocytosis, increased erythrocyte sedimentation 
rate, elevated C-reactive protein levels, and elevated creati- 
nine levels if renal impairment developed. 

Acute pyelonephritis in NBD patients is considered a 
complicated infection and requires hospitalization. At first, 
the patient should be adequately hydrated, blood culture 
time three and urine culture should be done, and double 
intravenous antibiotics (ampicillin-gentamicyn) should be 
started until the results of cultures appear. On day 3 appro- 
priate oral antibiotic should be started, and the duration of 
therapy should be 14 days.” 

If symptoms persist beyond 72 hours, however, the possi- 
bility of perinephric or intrarenal abscesses, urinary tract 
abnormalities, or obstruction should be considered and radi- 
ologic investigation with ultrasonography or CT should be 
performed. Urine and blood cultures should be repeated at 
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appropriate intervals, and antimicrobial therapy should be 
adjusted, if necessary, on the basis of susceptibility testing.*° 


Lithiasis 
Incidence 


Urolithiasis is a well-documented problem in patients 
with neurogenic voiding dysfunction. It is estimated that 
10-20% of patients with spinal cord injury will have stru- 
vite stones within 10 years of injury; of these, 7% will 
have renal stones.*!** The incidence of renal calculi in 
myelomeningocele patients may be greater.’ Once a kid- 
ney stone develops, there is a 34% chance of a second stone 
developing within the next 5 years.** 


Risk factors 


The main risk factors for stone development are recurrent 
UTIs, especially due to urea-splitting organisms, infravesical 
obstruction producing stasis, indwelling catheters, vesi- 
coureteral reflux, hypercalciuria resulting from immobiliza- 
tion, and high specific gravity of urine.” 

The patient’s age and injury characteristics have an 
important role in determining the type of urinary stone 
formed. In a longitudinal cohort study, Chen et al found 
that the risk factors for bladder stone were younger age, 
neurologically complete lesion, and indwelling catheteriza- 
tion.’ In a case-control study, DeVivo et al noted that 
patients who developed renal stones were more likely to be 
older, have had neurologically complete quadriplegia, and 
to have had a history of bladder stone.*”8 


Stone composition 


For the last few decades, most studies have reported that 
patients with NBD develop exclusively struvite stones com- 
posed of magnesium ammonium phosphate. This was 
attributed to UTI with urea-splitting organisms which ren- 
der the urine pH >7.24.°**° Recent studies, however, 
reported that many patients with NBD harboring calculi 
have been found to have metabolic stones. Matlaga et al 
found that out of 32 patients with NBD who harbored uri- 
nary stones, 20 patients (62.5%) had metabolic stones while 
the remaining 12 (37.5%) had infection stones.*! They 
related this observation to the advances in urologic care of 
patients with NBD, including accurate urodynamic evalua- 
tion of the detrusor and sphincteric function and greater 
use of CIC and bladder augmentation. These led to a sig- 
nificant decrease in the incidence of UTI among patients 
with NBD and subsequently a fall in the incidence of 


Figure 71.6 

Cystoscopy of a 22-year-old male patient with a history of chronic 
indwelling catheter. Multiple typical eggshell-shaped stones could be 
seen which were formed around the balloon of the Foley’s catheter. 


struvite stones among those patients.*”“* The importance of 
this observation is that once a metabolically derived stone is 
identified, the patient should be offered further metabolic 
evaluation and medical and dietary therapy.“ 


Diagnosis 


Patients with renal stones usually have non-specific symptoms 
including feeling unwell, abdominal discomfort, increased 
spasms, and autonomic dysreflexia. These vague symptoms 
can alert a well-informed physician, so the need for radiologic 
examination by plain kidney, ureter and bladder (KUB), ultra- 
sonography, computerized tomography, and intravenous 
pyelography (IVP) becomes essential for diagnosis.“ 

Patients with bladder stones usually suffer from irritative 
symptoms, hematuria, and recurrent UTI. Again, radio- 
logic examination is essential. Bladder stones usually start 
as small pieces of thin struvite calculi formed around the 
balloon of the Foley’s catheter. These calculi may grow but 
they will retain the typical eggshell shape that appears in 
cystoscopy (Figure 71.6). Small struvite stones with a low 
calcium content can easily be missed on X-ray and are 
often incidentally discovered during cystoscopy.“ 


Treatment 


Successful treatment of renal stones depends on complete 
elimination of the calculus, eradication of infection, and 
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Figure 71.7 

A surgical specimen from a 31-year-old patient who underwent 
nephrectomy for a nonfunctioning kidney harboring a stag 
horn stone. 


removal of the obstruction. Selection of the best method of 
treatment should be individualized and adapted to every 
patient.“ 

In paraplegic and quadriplegic patients, typical extracorpo- 
real shock wave lithotripsy (ESWL) alone is not recom- 
mended because of the difficulty in eliminating the stone 
fragments.“ Furthermore, ESWL may predispose to the 
development of autonomic dysreflexia. Stowe et al reported 
on 9 out of 52 patients with NBD (17.3%) who developed 
autonomic dysreflexia after ESWL.” If ESWL is considered in 
these patients, it is better to be done without adding the risk 
of general anesthesia but with careful monitoring to avoid 
development of hypertension. Prophylaxis can also be done 
by giving 10-20 mg of nifedipine sublingually 15-20 min 
before the procedure.” The other drawback of ESWL is that 
it may exacerbate post-traumatic syringomyelia, presumably 
by reverberating the fluid within the intramedullary cavity, 
producing further damage to the spinal cord.*' The recom- 
mended technique for treatment is percutaneous nephro- 
lithotripsy (PCNL), in some selected cases with ESWL. In rare 
cases, patients may require surgery to remove the stones. 
Nephrectomy should be performed when the kidney is non- 
functioning, or if there is pyonephrosis (Figure 71.7). 

Ureteric stones can be managed through ureteroscopic 
fragmentation and extraction. However, if the stone is big 
enough and remains blocked in the middle third, surgery 
should be considered. 


Treatment of bladder stones is straightforward, because of 
easy access to the bladder both endoscopically and surgically. 
The stone can be fragmented endoscopically by mechanical 
forceps, holmium laser, ultrasonics, pneumatics, or electro- 
hydraulic lithotripsy. Small fragments can then be washed 
out from the bladder by the Ellik evacuator. Careful moni- 
toring of blood pressure, however, is important for fear of 
development of autonomic dysreflexia, which is also 
reported after cystolithotripsy in NBD patients.” Open 
surgery is indicated only when bladder capacity is small or 
the size of the stone is so big that endoscopic litholapaxy 
would be extremely difficult. Impacted urethral stones are 
rare and occur mainly with obstruction or urethral divertic- 
ulum.” Endoscopic treatment is by visual urethrotomy, 
pushing the stone into the bladder and fragmenting it. 
Surgery is performed in cases of a stone in a diverticulum, 
where diverticulectomy is used for stone removal. 


Prevention 


Successful prevention of urinary stones in NBD patients 
depends on regular positioning of the paralyzed patients, 
high fluid intake, early mobilization, proper treatment of 
UTI and prevention of subsequent infection. One of the 
most effective methods in prevention of struvite stone for- 
mation is the use of urinary acidifiers; these agents will 
decrease the urinary pH, preventing precipitation of phos- 
phate stones and subsequently struvite stone formation. 
One of the most commonly used urinary acidifiers is 
methenamine mandelate at a dose of 4-5 g per day. It can 
stabilize the urinary pH at a value of 5.5, so reducing urinary 
saturation and crystallization of phosphates and carbon- 
ates.” Other examples of urinary acidifiers are 3—4 g daily of 
L-methionine and 3—4 g daily of ammonium chloride.*>*° 


Neoplasm 
Incidence and types 


It is estimated that patients with NBD are 16-28 times 
more susceptible to develop bladder cancer than the nor- 
mal population.” The most common histologic type 
occurring in these patients is squamous cell carcinoma.” 
Bejany et al found that 81% of bladder cancer patients in 
spinal cord injury units harbored squamous cell carci- 
noma, while the other 19% had either transitional cell or 
mixed tumor.” 


Risk factors 


The most important risk factors for the development of 
bladder cancer in NBD patients are those causing chronic 
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irritation of the bladder mucosa. These include chronic 
bladder infection, prolonged indwelling catheterization, 
and bladder stone disease. This is why squamous cell carci- 
noma is the most common type of malignancy among 
these patients. 

Vaidyanathan and associates hypothesized that certain 
histologic changes are seen more frequently in spinal cord 
injury patients with long-term indwelling catheters. These 
changes include papillary or polypoid cystitis, widespread 
cystitis glandularis, moderate to severe acute and chronic 
inflammatory changes in bladder mucosa, follicular cysti- 
tis, squamous metaplesia, and urothelial dysplasia.*' 


Screening 


The screening of NBD patients with chronic indwelling 
catheterization is controversial. Some advocate the use of 
screening cystoscopy, arguing that this will detect malignant 
lesions in an earlier stage. Others believe that cystoscopy 
with or without biopsy does not fulfill the necessary criteria 
for screening for bladder cancer in NBD patients.°** 

Screening cytology may be of benefit. Stonehill and col- 
leagues studied patients with indwelling catheters for more 
than 5 years. Positive cytology had a sensitivity of 71% and 
a specificity of 97%. Based on these observations, they rec- 
ommended yearly cytology in all patients with chronic 
indwelling catheters, followed by biopsy if it was positive.°° 

This review of the literature suggests that NBD patients 
with longstanding indwelling catheterization (certainly 
after 10 years, perhaps after 5 years post-trauma) should 
undergo yearly urine cytology. If it is doubtful or positive, 
cystoscopy and cold cup biopsy should be performed ran- 
domly, if no suspicious lesion was found. A history of blad- 
der stone and chronic UTI should be considered as 
significant risk factors for the development of bladder can- 
cer in these patients. New onset of gross hematuria should 
be investigated in the same way as in the neurologically 
normal population. 
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Complications related to neurogenic bladder 
dysfunction — II: reflux and renal insufficiency 


Imre Romics, Antal Hamvas, and Attila Majoros 


Introduction 


After World War I, 80% of the spinal cord injury (SCI) 
patients died from urologic complications, mostly from 
urinary infection, which was untreatable at that time in the 
absence of antibiotics, and from secondary upper urinary 
tract damage.’ Urodynamics being unknown, the accepted 
approach was the ‘balanced bladder’ method, i.e. if voiding 
took place with no or minimal residual urine, the patient’s 
condition was considered satisfactory. With no informa- 
tion on intravesical pressures during storage and voiding, 
there was no way to prevent upper urinary tract damage 
resulting from lower tract dysfunction.’ 

Today, widespread use of antibiotics, anticholinergics, 
urodynamic evaluation, clean intermittent self-catheteriza- 
tion (CIC), and up-to-date management of urolithiasis 
have led to considerable improvements in life expectancy 
and, indeed, in the quality of life of SCI patients. 

The deterioration of renal function and renal insuffi- 
ciency, as its consequence, remained the most frequent late 
consequences of neurogenic bladder dysfunction, in spite 
of developments in investigations and therapy to this day. 
The causes of this are, primarily, the late establishment of a 
diagnosis, improper principles of treatment (in quite a few 
places, primarily in areas having improper healthcare 
infrastructure, for example, they apply the possibly worst 
solution: a permanent bladder catheter to remedy com- 
plaints in respect of voiding dysfunction of these patients), 
and the improper cooperation of patients. According to an 
epidemiologic study the neurogenic bladder dysfunction of 
paraplegic and meningomyelocelic (MMC) patients entails 
an increased risk from the point of the developing renal 
insufficiency when compared to the general population.’ 
Urinary infections are still considered the most frequent 
complication in SCI patients and, without treatment, 40% 
of the patients will die of renal insufficiency.’ Singhal and 
Mathew have found that, among the leading causes of 
death of spina bifida patients, renal insufficiency was the 
most frequent (33%).° 


Pathophysiology of upper 
urinary tract damage caused 
by neurogenic bladder 
dysfunction 


Abnormally high intravesical storage and/or voiding pres- 
sure may predispose to vesicoureteral reflux (VUR), urinary 
retention, and urinary infection, leading ultimately to renal 
insufficiency. The most frequent urologic abnormality asso- 
ciated with vesicoureteral reflux appears to be uninhibited 
bladder contraction. Koff et al found uninhibited detrusor 
contractions during the storage phase in the majority of 
neurologically normal children with recurrent urinary 
infections; nearly 50% of them had VUR, and 30% had an 
abnormal ureteric orifice but without VUR. Their findings 
were confirmed by the fact that, after reducing intravesical 
pressure with anticholinergic medication, 58% of urinary 
infections were cured without the use of antibiotics.® 
Urinary infection in itself will increase intravesical pres- 
sure, reduce compliance, and weaken the ureterovesical 
junction, thus predisposing to reflux. The incidence of VUR 
in SCI patients varies between 17 and 25%, and can be found 
in 20% of neonates with MMC.’® Soygur et al examined a 
group of children with reflux and without neurologic symp- 
toms, noting unilateral reflux in 40.3% and bilateral reflux in 
59.7%. Urodynamic evaluation revealed asymptomatic 
voiding dysfunction in 28% of the unilateral and in 72% of 
the bilateral reflux cases. This significant difference seems to 
indicate that bilateral reflux is caused by some (perhaps 
silent) voiding dysfunction, whereas unilateral reflux may be 
attributed in patients with intact bladder function to pri- 
mary damage of the vesicoureteral junction.’ Apart from 
high intravesical pressure, VUR may also be related directly 
to urinary infection and high-pressure bladder function. 
Retention, high intrapyelic pressure, and proliferation of 
mostly urease-producing microorganisms may lead to the 
formation of renal calculi, to hydronephrosis, pyonephrosis, 
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and renal insufficiency. Intrapyelic pressure rises may cause 
pyelocaliceal reflux and reduce postglomerular blood flow, 
resulting in ischemic damage.'' The drop in glomerular fil- 
tration rate (GFR) noticed at the end of puberty (<60 
ml/min/1.73 m?, but especially a value under 40) is a good 
precursor of end stage kidney failure. The pathophysiology 
is explained by a hyperfiltration type damage of the surviv- 
ing nephrons.!* Hypertonia and proteinuria also play a sig- 
nificant role in the deterioration of renal function and the 
development of renal insufficiency." Rickwood et al did not 
notice hypertonia in MMC patients with unimpaired kid- 
neys at 16 years old, however at the age of 20 they found 
hypertonia in 6% of all cases. In patients, in whose kidneys 
morphologic anomalies were seen already (renal scarring), 
hypertonia was found in 12% of all cases at 16 years old and 
23% at 20.14 

Gerridzen et al examined 140 SCI patients with voiding 
dysfunction and found detrusor hyperreflexia in 100 and are- 
flexia in 40, with kidney damage in 16 and 7 patients, respec- 
tively. The 7 patients in the areflexic group with kidney 
damage showed significantly higher storage pressures 
(58 cmH,O on average) than the rest of the same group 
(24 cmH,O on average). In the hyperreflexic group, the 16 
patients with kidney damage also showed significantly higher 
detrusor pressure values (115 cmH,O on average) than the 84 
patients with no renal impairment (72 cmH,O on average). 
However, the pathologically high bladder pressures in this 
group were taken during the voiding phase.” High-pressure 
hyperreflexia was combined with detrusor-sphincter dyssyn- 
ergia (DSD) in 55% of cases. In 4 of 23 patients, there was 
only radiographic evidence of kidney damage, 7 developed 
VUR, and 9 had hydronephrosis. Kidney damage from VUR 
was found in less than 1% of the cases.'>!® 

Dik et al performed follow-up studies on 144 children 
with spina bifida. In 69 cases they noticed overactive 
sphincter and in 61 cases overactive detrusor functions. 
They saw VUR in 27 cases; in 12 cases with an active and in 
15 cases with an inactive sphincter. The latter fact also indi- 
cates that VUR is not necessarily a consequence of detrusor- 
sphincter dyssynergy (DSD). As a result of their regular 
control investigations, and their early treatment conserving 
renal function, after an average follow-up period of 81 
months they noticed a drop in creatinine clearance in only 
2 cases, or rather DMSA scintigraphy showed damage to 
the parenchyma in only 6 cases.'” 

Patients with neurogenic bladder dysfunction secondary 
to suprasacral lesions (injuries above the sacral micturition 
center) usually develop detrusor hyperreflexia with or with- 
out DSD. High-pressure values are measured during both 
the storage and the voiding phase, at more than 40 and 90 
cmH,0O, respectively. This may be the consequence of pro- 
tracted, intensive, uninhibited contractions, reduced blad- 
der compliance, or functional (DSD) or organic (benign 
prostatic hyperplasia) urinary obstruction.'*”° Therefore, 
the chances of upper tract damage are higher than in the 


Risk factors associated with kidney damage 


General risk factors: 
Newborns 
Old age 
Immobilization 
Diabetes mellitus 
Immunosuppression 
Polymorbidity 
Neurologic risk factors: 
Quadriplegia > paraplegia 


Complete lesion > incomplete lesion 


case of lower motoneuron lesions (level of injury within or 
below the sacral micturition center). In this latter circum- 
stance, the detrusor will be hypo- or areflexic, so that even 
with reduced bladder compliance, pathologically high pres- 
sure values will only appear during the storage phase. 
Among patients voiding spontaneously via reflex contrac- 
tions and exhibiting normal pressure values, both in the 
storage and voiding phases, there are still a few who will 
show some degree of reflux or urinary retention. 

Linsenmeyer et al found 4 cases of VUR and 9 cases of 
upper tract dilatation in 84 patients voiding via reflex con- 
traction. The only significant difference between the two 
groups was in the duration of the reflexly induced 
contractions.”! 

However, it does happen that an intially areflexic bladder 
decreases compliance and changes into a hyperreflexic 
state, which may lead to upper tract damage. This is sug- 
gested by the results of Jamil et al, who performed natural- 
fill urodynamics in 30 patients with indwelling catheters. 
Intravesical pressure rises of >40 cmH,O were found in 11 
and renal scarring in 9 patients, 6 of them from the high- 
pressure group.” 

On the other hand, ‘silent’ voiding dysfunctions with 
no lower tract symptoms may also result in upper tract 
complications.?*4 

Tables 72.1-72.3 summarize the risk factors that are 
associated with kidney damage. 


Etiology of neurogenic 
bladder dysfunction leading 
to reflux and renal failure 


Spinal cord injury 


Spinal cord injury due to an accident, disc prolapse, acute 
myelitis, operation of thoracic aorta aneurysms, etc., 
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Urologic abnormalities representing risk for 
kidney damage 


Urinary tract infection 

Bladder outlet obstruction (BPH, stricture, etc.) 

Urinary lithiasis 

Bladder diverticulum 

VUR with secondary reflux nephropathy 

Foreign body in the urinary tract (catheter, urethral stent, etc.) 


BPH, benign prostatic hypertrophy; VUR, vesicoureteral reflux. 


Urodynamic abnormalities representing risk for 


kidney damage 


Decreased bladder compliance (<10 ml/cmH,O) 
LPP or storage pressure >40 cmH,O 

Reduced bladder capacity 

Sustained high-pressure detrusor contraction 
Voiding pressure >90 cmH,O 

DESD or detrusor-bladder neck dyssynergia 

High postvoid residual (>30% of bladder capacity) 


LPP, leak-point pressure; DESD, detrusor-external sphincter 
dyssynergia. 


occurs in the United States approximately 12000 times a 
year. Half of these victims end up quadriplegic, and the rest 
paraplegic, 53% with complete and 47% with incomplete 
lesions, half of the total number in the upper thoracal sec- 
tion above the 12th thoracic level, and 75% are male.” As 
a consequence, most SCI patients have a hyperreflexic 
bladder. Reports suggest a 7-32% incidence of renal lithia- 
sis in SCI patients. Comarr and colleagues found an 8.2% 
incidence of renal lithiasis.” Hall et al examined 898 SCI 
patients after an average of 27 years, detecting renal calculi 
in 14.8%, in association with VUR in 37.7%, and without 
reflux in 10%.” Of those with renal calculi, 56.6% were on 
indwelling catheters. This contrasts with the 700 patients 
with no renal calculi, where only 28% were on indwelling 
catheters. They also found 261 patients with bladder 
stones, 17.7% of them combined with renal stones. There 
was no correlation with the prevalence of VUR. A review of 
this large population suggested three conclusions: 


1. the incidence of renal calculi is significantly higher in 
patients with renal reflux 

2. bladder stones and simultaneous reflux will not signif- 
icantly increase the number of renal calculi 

3. indwelling catheters significantly raise the incidence of 
renal and bladder stones. 


The incidence of reflux among SCI patients varies from 
5% to 23%,'>!% 67 Killorin et al reported upper tract 
damage in 7% of their SCI patients with areflexic 
bladder; 32% had hyperreflexic bladder, and there was 
no upper tract damage in those with normal detrusor 
function.”® 


Neural tube defects 


Neural tube defects (spina bifida occulta, meningocele, 
MMC) are the most frequent reasons for bladder dysfunc- 
tion in infancy. The prognosis of spina bifida is poor, how- 
ever neurogenic bladder dysfunction (i.e. minor neural 
tube defects such as occult spinal dysraphism) does not 
develop in every child suffering from spina bifida. In Great 
Britain 60% of patients with MMC reach adulthood but 
the outlook for these patients is reduced. The risk of renal 
insufficiency is strongly associated with the sensory level. 
Renal failure is rare with sensory levels at or below L4 and 
common at or above T10.! In the majority of patients, the 
lumbar section (at the conus medullaris) is involved, 
resulting in an areflexic bladder and often an open bladder 
neck. Hydronephrosis is found in less than 10%, VUR in 
16%, and bladder diverticuli in 23.5% of these newborns. 
Based on data in a pediatric myelodysplastic population, 
in 1981 McGuire et al described the correlation between 
storage pressure and chances of upper tract damage. He 
identified the so-called leak-point pressure (LPP) at which 
urine will leak at the urethral meatus, and showed the risk 
of upper tract damage to be high with LPP >40 cmH,0, 
but significantly lower with LPP <40 cmH,0O. In the low 
LPP group, he observed no VUR and only two intravesic- 
ular diverticuli, in contrast to 68% VUR and 81% reten- 
tion in the high LPP (>40 cmH,O) group.'* Beyond 
primary bladder dysfunction, age also plays a role in the 
development of renal insufficiency. Kidney damage was 
noticed in 18% of British children with neurogenic blad- 
der before puberty, and in 30% of them following 
puberty.'* As a result of early control and follow-up exam- 
inations, or rather of adequate therapy, a reduction in 
renal function was noticed in only 1.2-2.1% of children 
with MMC.!7?9 


Multiple sclerosis 


Detrusor hyperreflexia is the leading anomaly in multiple 
sclerosis, which is often accompanied by DSD. Detrusor 
underactvity is rare. Lawrenson et al, in their epidemio- 
logic study, did not detect a close correlation between mul- 
tiple sclerosis and renal insufficiency compared to the 
normal population.’ 
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latrogenic damage 


Iatrogenic damage is associated with various perioperative 
complications, the most frequent of which are upper 
motoneuron lesions due to operations on aneurysms of the 
thoracic aorta or areflexic bladders resulting from periph- 
eral neural lesions due to radical surgery of the pelvis. Both 
types of damage may lead to upper tract injury or deterio- 
rated function. 


Diagnosis of upper tract 
damage 


Laboratory tests 


Serum creatinine, urea nitrogen, serum bicarbonate, blood 
pH, urine pH, urine gravity and osmolarity, proteinuria, 
and cylindruria are good indicators of renal function. 


Video-urodynamic 
examination 


Storage and voiding pressure, maximum bladder capacity, 
bladder compliance, bladder neck condition, bladder con- 
figuration, detrusor-external sphincter or detrusor-bladder 
neck dyssynergia, and passive and/or active VUR are well 
documented with this test. It is essential for neurogenic 
bladders to be initially evaluated by video-urodynamics 
and to repeat the test at least on an annual basis 
(Madersbacher, personal communication), because blad- 
der dysfunction may change later on. In myelodysplasia, 
for instance, areflexic bladder dysfunction is likely to 
change with time to hyperreflexia.*° In other cases (e.g. 
control of bladder compliance in MMC), conventional 
urodynamics without video control may be all that is 
needed for follow-up. 

Bauer et al proposed possibly the earliest urodynamic 
examination of the newborn with MMC, following the clo- 
sure of the spinal defect, in order to establish bladder func- 
tion or rather the sphincter’s functioning. On the basis of 
the results obtained, and according to the risk of upper uri- 
nary tract damage, the patients were divided into three 
groups and the authors proposed regular urodynamic 
examinations.*' Hopps et al” divided the patients, accord- 
ing to basic investigations (history, physical examination, 
urine culture, and renal ultrasound) performed on new- 
borns into high- (hydronephrosis, urinary retention) and 
low-risk groups. In the case of high-risk patients they per- 
formed an immediate urodynamic examination and started 
adequate (CIC, antibiotics, anticholinergics) treatment. 
They closely followed up both cohorts and performed 


regular basic examinations (in the case of high-risk 
patients, they performed urodynamic examinations if 
needed). In cases where urinary tract infection caused 
fever, VUR, urinary retention, and hydronephrosis the low- 
risk patients were transferred to the high-risk group and 
later on were treated accordingly. By application of the 
above principles, Hopps et al were successful in retaining 
renal function even without the use of regular, invasive 
urodynamic investigations. 

Urodynamic investigations performed on a routine basis 
also entail the risk of introducing errors. A rapid filling 
speed applied during cystometry may lead to an increase in 
LPP and a drop in compliance. It may thus lead to an 
unnecessary ‘overtreatment. Ultrasound has been proved 
to be an adequate method of follow-up in the assessment 
of retained renal function in children with spina bifida.'”°** 


Ultrasonography 


This is the simplest and least-invasive way to gather infor- 
mation on vesicoureteral dilatation, nephrolithiasis, renal 
parenchyma thickness, and residual urine. Urine transport 
abnormalities, both functional (or the nonobstructive 
type, e.g. VUR, brimming bladder, overhydrated condition, 
acute pyelonephritis) and organic (or the obstructive type, 
e.g. stones, strictures), are easily detected using frusemide 
(frusemide). 

The Doppler technique can define the arterial resistance 
index. Increased arterial resistance index values are present 
even before actual dilatation of the collecting system has 
appeared. Values of 0.7 or more are indications of obstruc- 
tion. The color Doppler technique demonstrates reflux 
with no X-ray exposure: a transducer directed toward the 
ureteral orifices will image retrograde flow in the ureter as 
a colored jet. Virgili et al sonographed 115 SCI patients and 
found upper tract anomalies (vesicorenal dilatation, 
chronic pyelonephritis) in 21.7% of them.** Calenoff et al 
compared ultrasonography with conventional intravenous 
urograms in 54 SCI patients and observed that all abnor- 
malities seen on intravenous urograms (retention in 36% 
and VUR in 56% of cases) can also be detected by ultra- 
sonography. They suggested the use of ultrasonography for 
follow-up rather than intravenous urography.** Ozer et al 
used ultrasonography in a prospective study to screen SCI 
patients with no urologic symptoms and reported that 
upper tract abnormalities which needed therapeutic inter- 
vention were only detected in symptomatic patients. 
Therefore, they did not recommend ultrasonography for 
large-scale preventive early diagnosis in asymptomatic 
patients.’ Bih et al compared ultrasonographic results 
before and after micturition and noted that upper tract 
ultrasonography performed on a full bladder was more 
likely to show urine transport abnormalities.” During the 
follow-up of 144 children with MMC, the ultrasound test, 
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compared with DMSA (dimercaptosuccinyl) renal scan, 
failed to indicate parenchymalesion (renal scarring), a sign 
of reduced function, in no more than 4 cases.'” 


Intravenous urography 


Intravenous urography is considered to be the gold standard 
for the detection of upper tract abnormalities due to neuro- 
genic bladder dysfunction. Even if it involves X-ray exposure 
and possible allergic reactions to the contrast material (very 
rare, though, today with tri-iodides), the fact remains that 
this is the most reliable source of information on the mor- 
phology and, to some extent, also on the function of the 
upper urinary tract. In cases of renal damage, it will provide 
the following information: focal or diffuse atrophy of the 
parenchyma; dilated, bulky calices; and decreased excretion 
of the contrast material. In a report by Heidler, in cases of 
VUR, 30% of the urograms were negative, 5% showed 
ureteral dilatation, 25% renal scars and calyceal dilatation, 
10% cortical atrophy, and 30% a nonfunctioning kidney.” 
Rutuu et al performed 206 intravenous urograms on 119 
patients with neurogenic bladder dysfunction and detected 
42% upper tract abnormalities, mostly delayed renal empty- 
ing. Among patients with pathologic urograms, 40% had at 
least one acute urinary infection episode within the last year, 
whereas among those with no pathologic signs in their uro- 
grams, the incidence was only 8%.*” Rao et al compared 
secretory urography and ultrasonography in a prospective 
study of 202 asymptomatic SCI patients to assess their 
respective effectiveness in diagnosing upper tract damage. 
Hydronephrosis was detected by urography in 100% of cases 
vs 86% by ultrasonography; for renal stones, the detection 
ratios were 87 and 78%, and for signs of chronic 
pyelonephritis, 100 and 25%, respectively. However, the dis- 
crepancy decreased if ultrasonography was combined with 
plain X-rays of the abdomen.*® 


Cystography and voiding 
cystourethrography 


Cystography at bladder capacity will show low-pressure or 
passive reflux, in contrast to the Valsalva maneuver, made 
during micturition effort, which will provide information 
on high-pressure or active reflux. The same results are, how- 
ever, available also by video-urodynamic testing, which 
gives exact intravesical pressure values for storage and void- 
ing, while imaging the bladder filled with contrast material 
will reveal VUR, if any (Figure 72.1). The same applies to 
intravenous urography (provided that all contrast material 
has been discharged from the kidneys). Stover et al studied 
the influence of retrograde cystography on excretory uro- 
grams when the former was performed immediately before 
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Figure 72.1 

Bilateral vesico-ureteral reflux. Retrograde cystogram 
demonstrating bilateral vesico-ureteral reflux in a 48-year-old 
spinal cord injured male patient with detrusor-external 
sphincter dyssynergia. 


the latter. They showed that iatrogenic dilatation, indistin- 
guishable from true pathologic dilatation of the upper tract, 
occurred in patients with upper motor neuron lesions when 
intravenous urography was conducted immediately after 
cystography. They suggested a time delay between the two 
examinations to avoid this artifact.” 


Renal scintigraphy 


The renal isotope technetium 99m glucoheptonate defines 
renal function quantitatively and also helps to differentiate 
obstructive from nonobstructive types of uropathy (Figure 
72.2). Scintigraphy, a dynamic imaging technique, is highly 
sensitive in depicting minute renal lesions, but is less spe- 
cific for any given renal pathology. Fabrizio et al used it 
with good effect in acute septic conditions of SCI patients 
to identify a urologic cause of the sepsis. Scintigrams local- 
ized the renal damage every time when fever was due to a 
urologic condition.“ Although parenchymal lesions can be 
indicated in a very sensitive manner by DMSA scintigra- 
phy, in the case of normal serum creatinine levels and nor- 
mal untrasound findings its routine use in the follow-up of 
children with meningocele is not advised.” 
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Renal scintigraphy. Neurogenic bladder dysfunction in a 30-year-old female patient with thoracic meningomyelocele. Right kidney 
perfusion is prolonged (left diagram) and excretion on the same side is delayed (right diagram). 
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Urodynamics of upper urinary 
tract 


In cases when we see a dilatation of the upper urinary tract 
and the existence of an obstruction is uncertain, in order 
to quantitatively evaluate a possible dilation of the pyelon 
without an obstruction, or a high-pressure voiding 
alongside a partial obstruction, we perform a urodynamic 
examination of the upper urinary tract. 

There is no need for an invasive intervention if, because 
of an obstruction, we have already placed a nephrostomic 
catheter. In cases like this, the catheter may be used to per- 
form the examination. The practical benefit of this exami- 
nation is the possibility of making a safe decision on 
removing the earlier placed percutaneous nephrostomy. In 


stop ; , 
filling Figure 72.3 


Urodynamic tracing of the upper urinary 
tract. Neurogenic bladder dysfunction with 
thickening of the bladder wall, responsible 
for the obstruction of the uretero-vesical 
junction in a 30-year-old male patient. 
Reaching steady state at external filling, 
the flow rate is reduced and intrapelvic 
pressure is markedly elevated. Qfill, filling 
rate; IPP, intrapelvic pressure. 


certain selected cases involving diagnostic difficulties, cre- 
ation of a nephrostomy in order to perform urodynamic 
investigation is only minimally invasive (ultrasound- 
guided puncture of the kidney pyelon). 

The earlier described pressure—flow studies in the upper 
urinary tract applied either a constant intrapyelar perfusion 
velocity“! or a constant filling pressure.“ These either 
record measures partly in the nonphysiologic realm, or they 
investigate a single pair of pressure—flow values and hence 
only offer static information.*!” In recent years, Lovász 
developed a dynamic examination of the correlation 
between flow and pressure by raising the filling pressure in 
several steps (Figure 72.3). He calculated the obstruction 
coefficient from the resulting pressure—flow curves to 
obtain the rate of obstruction in a quantitative form.” 
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Figure 72.4 
A significant degree of bladder wall trabeculation on 
cystoscopy may indicate bladder wall thickening. 


Cystoscopy 


Cystoscopy plays an important role in differentiating func- 
tional from organic lower tract obstructions in patients 
with upper tract abnormalities. For this group of patients, 
it is advisable to use a flexible cystoscope, considering the 
frequent occurrence of sphincter spasticity. A significant 
degree of bladder wall trabeculation (Figure 72.4) may rep- 
resent thickening of the bladder wall and be responsible for 
the obstruction of the vesico-ureteral junction. 


Therapy 


The principal aim of neurogenic bladder dysfunction treat- 
ment is the maintenance of renal function. This requires 
successful and complete rehabilitation of the lower urinary 
tract, which means a complete and concerted neurouro- 
logic intervention. The maintenance or creation of a low- 
pressure reservoir with no residual urine, the control of 
urinary infection, and the avoidance of an indwelling 
catheter are all measures that will promote the main goal, 
which is upper tract protection. Together with the adequate 
control of continence, they will ensure quality of life 
improvement as well. Whenever possible, a program of 
CIC should be implemented, but this demands some man- 
ual dexterity from the patient. After a well-designed reha- 
bilitation program, even quadriplegics may be able to use 
CIC, if not via the urethra, then at least via a continent 
abdominal stoma. Therapeutic measures may be divided 
into acute intervention, to avoid some imminent compli- 
cation, or elective treatment, fitting into the long-term 
management program. 


Treatment of acute 
conditions 


Lower urinary tract drainage 


In the acute phase of SCI and cerebrovascular injuries, the so- 
called spinal or cerebral shock that will develop is character- 
ized by an areflexic bladder. At this stage, the main goal is to 
avoid overflow incontinence. The condition will improve 
within 2-12 weeks, but in the meantime, until CIC (operated 
by the patient or nursing caregiver) can be implemented, con- 
tinuous bladder drainage must be assured.” If no contraindi- 
cation exists, a suprapubic cystostomy should be done with 
ultrasonographic guidance. A thin 8-10F catheter is recom- 
mended. If suprapubic catheterization is not possible, an 
indwelling urethral catheter should be introduced for the 
shortest possible duration. Silicone tubes are recommended, 
size 14-16F for females and 12—14F for males. 


Upper urinary tract drainage 


If, after successful lower tract drainage, upper tract dilata- 
tion still exists (bladder wall fibrosis, stricture, stone), caus- 
ing renal dysfunction, then percutaneous nephrostomy 
must be done. When the existence of an upper urinary tract 
obstruction is in doubt, we clarify the issue by performing a 
urodynamic investigation of the upper urinary tract. 


Hemodialysis 


If the upper tract passage is free but renal failure persists or 
progresses, acute dialysis may be necessary. 


Antibiotic treatment 


Urinary tract infections combined with urosepsis require 
an antimicrobial treatment.'® 


Nephrectomy 


Nephrectomy may become necessary if a septic condition 
(acute pyelonephritis, renal abscess, etc.) is maintained in 
spite of adequate drainage and appropriate antibiotics. 


Conservative treatments 
Spontaneous micturition 


Spontaneous micturition is advisable after reflex contrac- 
tion of the detrusor in response to the Credé maneuver or 
to various trigger mechanisms, only if intravesical pressure 
values are below 40 cmH,O during the storage phase and 
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less than 90 cmH,O during the voiding phase, if residual 
urine is less than 30% of cystometric bladder capacity, and 
if bladder capacity is more than 200 ml. Lower tract 
obstruction, DSD, VUR, and reduced bladder compliance 
constitute contraindications for this approach. Reflex mic- 
turition usually means incontinence, and, therefore, the use 
of absorbent pads or, for males, urinary condoms, is indi- 
cated. However, 70% of patients using condom catheters 
are reported to suffer from chronic urinary infection. Skin 
problems are often due to allergic reactions to latex.'?** 


Urine drainage 


Drainage may be indicated in any form of bladder dys- 
function: in the case of detrusor hyperreflexia, to maintain 
low bladder pressure (kidney protection) and continence; 
in the case of DSD, to eliminate the obstruction; in the case 
of areflexia, to eliminate any residual urine; in the case of 
decreased compliance, to reduce bladder pressure. 


Intermittent catheterization This technique was 
introduced in the 1940s by Sir Ludwig Guttman to clear the 
bladder in SCI patients during the spinal shock phase.* In 
1972, Lapides et al suggested CIC for patients with 
neurogenic bladders. Follow-up in 66 patients showed no 
upper tract alteration.“ Among 85 SCI patients using CIC, 
Nanninga et al found 28 incidents of upper tract damage, 
detrusor hyperreflexia, and DSD in subjects presumed to 
have areflexic bladders.“ This study emphazises once again 
the importance of regular urodynamic follow-up in such 
patients. Three patients had sphincterotomy, 15 needed 
more frequent catheterization, and 10 failed to cooperate 
and so had to be placed on indwelling catheter drainage.“ 
Mollard et al, from Paris, reported on 50 CIC cases. 
They found that girls and young boys accepted CIC better 
than did adolescent males.“ Brem et al studied renal 
dysfunction and structural abnormalities in 28 children 
with meningocele on CIC. They reported VUR in 9 cases, 
renal dysfunction in 14%, and bacteriuria in 38%. They 
concluded that complications occurred in those patients 
who had small, noncompliant, trabeculated bladders.” 

CIC has its own complications. Urinary infection is the 
most frequent, but urethral damage, stricture, and 
autonomous dysreflexia have also been noted. Kuhn et al 
reported a 5-year follow-up of 22 patients on CIC, with 
sterile urine in 23%, Escherichia coli infection in 36.5%, 
and other pathogenic bacteria (Pseudomonas, Proteus, 
Klebsiella) in another 36% of patients. They found urethral 
stricture in 1 patient, and autonomous dysreflexia in 
another. There was no upper tract damage. None of the 
patients was on anticholinergics, alpha-blockers, or on any 
continuous antibiotic prophylaxis.°*° 

McGuire and Savastano compared patients on CIC for 2- 
12 years with those on indwelling catheters, finding signifi- 
cantly less acute urinary infections, bladder stones, and 


episodes of autonomic dysreflexia in the CIC group.’ 
According to Madersbacher’s experience, 20% of CIC patients 
had urethral complications, 40% had intermittent and 30% 
chronic urinary infections, whereas 30% had permanently 
sterile urine (Madersbacher, personal communication). 

For intermittent catheterization, we may use PVC 
catheters with a lubricant that contains some anesthetics, 
or with a hydrophilic coating, size 12-14F for males and 
14-16F for females. The control of fluid intake is impor- 
tant: no more than 2000 ml per day. In the case of a nor- 
mally compliant bladder, catheterization should be 
repeated 4—6 times a day. However, the catheter should be 
passed before the amount of urine in the bladder reaches 
500 ml. In the case of decreased bladder compliance, uro- 
dynamic studies will indicate at what volume the bladder 
pressure reaches the critical level of 40 cmH,O. The fre- 
quency of catheterization should be adjusted, so that this 
critical intravesical pressure is not reached. It should also 
be kept in mind that the more frequent the catheteriza- 
tions, the less frequent is the incidence of urinary infec- 
tions, and vice versa. Antibiotic prophylaxis is not 
unanimously recommended: there are some physicians 
who would only give antibiotics in the case of acute urinary 
infections, whereas others advocate prophylactic adminis- 
tration of small doses of varied antibiotic types.“ 


Indwelling bladder catheters They are the worst 
solution and should only be used as a last resort. If 
possible, it should be a suprapubic diversion to eliminate 
urethral complications, particularly in males. In females, 
simultaneous surgical closure of the bladder neck is often 
required to ensure continence. Regular daily care of the 
catheter, together with changing it every 4 or 6 weeks 
(silicone catheters), is necessary. Although it seems to be a 
contradiction, several authors confirmed the occurrence of 
high bladder pressures, even in the chronically catheterized, 
a consequence of decreasing compliance. Jamil et al found 
storage pressures of more than 40 cmH,0O in 11, and renal 
damage in 9 of 30 patients on indwelling catheters, renal 
damage presenting merely in the high-pressure group.” 
Chao et al compared the upper tract situation of 41 
patients on CIC and 32 on indwelling catheters, noting a 
statistically higher number of renal damage and radiologic 
alterations in the second group.” The most frequent com- 
plications were ever-present urinary infection, urethral 
damage and strictures, urethro-cutaneous fistulae, epi- 
didymitis, and bladder stones. In a retrospective study of a 
large SCI population, Hall et al found a 56.6% renal stone 
and 62.5% bladder stone incidence in patients on 
indwelling catheters.’? They recommended prophylactic 
administration of small doses of varied antibiotic types. 


Temporary urethral stents They are an alternative to 
indwelling catheters. The Nissenkorn polyurethane or the 
Urolume endourethral Wallstent prosthesis may be placed at 
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the level of the external sphincter under local anesthesia. 
According to published reports, within 6 months after 
placement of the stents there was no evidence of upper tract 
damage. Migration and secondary bladder neck obstruction 
were noted in 27% of patients. After a certain period of time 
the temporary stents were removed, and a final solution 
implemented. This is a less invasive and, to some extent, a 
more reversible solution than sphincterectomy.*>** 

In summary, whenever possible, the best method of 
managing the neurogenic bladder is CIC, which will pro- 
vide regular emptying of a low-pressure bladder and often 
insure continence as well. At the same time, it will protect 
the upper tract. It may be combined, if necessary, with 
medication (overactive bladder), sphincterotomy (DSD), 
artificial sphincter implantation (reduced sphincter func- 
tion), or bladder augmentation cystoplasty (reduced 
capacity, restricted compliance that fails to respond to 
other conservative treatments). Even in children with a 
neurogenic bladder dysfunction, renal function can be 
retained for longer if the condition is diagnosed immedi- 
ately after birth and the necessary treatments are started at 
the earliest opportunity. Owing to early treatment, Dik 
et al only noticed 6 cases of impaired renal function in the 
course of treating 144 children with spina bifida." 
Indwelling urethral catheters mean permanent urinary 
infection and several complications; they do not necessar- 
ily entail a low-pressure reservoir and often lead to renal 
damage. They should only be used as a last resort; urethral 
stents may serve as a temporary solution. 


Dietetic treatment 


Avoidance of alcohol and spices and also urine acidifica- 
tion may help to prevent urinary infections; a low-protein 
diet may be indicated in renal dysfunction. 


Medication 


Hyperreflexia In detrusor hyperreflexia medication is 
targeted to eliminate, or at least to decrease, reflex contractions, 
to normalize high-pressure bladder dysfunction, and to 
improve the effectiveness of intermittent catheterization. Oral 
anticholinergics, spasmolytics, and mixed-action products 
(oxybutynin, propiverine, trospium chloride, tolterodine, 
solifenacin, darifenacin) are meant to increase bladder 
capacity and to reduce detrusor contractility, but since they 
have considerable side-effects (dry mouth, troubled vision, 
arrhythmia), they are not readily tolerated by many patients. 
Oxybutynin is the standard medication in the United States, 
but 61% of patients do not tolerate it orally, while it is 
ineffective in 48%. Intravesical oxybutynin solution is more 
easily tolerated, has fewer side-effects, and the same efficacy 
on the detrusor. Among the antimuscarinic drugs 


introduced recently, darifenacin shows the greatest M, 
receptor (urinary bladder) selectivity. Thus, while being an 
effective treatment it has minimal side-effects (dry mouth 
and constipation).*° Intravesically administered capsaicin 
and resiniferatoxin provide permanent receptor blockade 
for 2-7 months, increasing bladder compliance and 
intravesical pressure while protecting kidney function with 
no systemic side-effects (except for autonomic dysreflexia, 
which may occur sometimes).“* Schurch was the first to use 
local injections of botulinum toxin A (BTX-A) to treat 
detrusor overactivity of neurogenic origin. Among patients 
treated with either 200 or 300 U BTX-A, 89% became 
continent.” In a systematic review of the literature, more 
than 600 patients with neurogenic detrusor overactivity 
treated with botulinum toxin have been reported.” The 
maximal cystometric capacity and the reflex volume were 
increased and maximal detrusor pressure during the 
voiding phase and the frequency of incontinent episodes 
were decreased. The first placebo-controlled multicenter 
randomized controlled trial with botulinum toxin in 
patients with neurogenic detrusor overactivity was also 
published by Schurch et al.” Karsenty et al found no 
change in efficacy or safety by decreasing the number of 
injection sites. 


Areflexia In areflexia, we may try cholinergic agents 
(bethanecol), but there is not much to expect from them, 
partly because of poor intestinal absorption and partly 
because they act simultaneously on the bladder, bladder 
neck, and urethra, so that they do not decrease outlet 
resistance. 


intravesical 
electrostimulation 


This method was developed by Katona in 1959 to amelio- 
rate bladder emptying by strengthening the detrusor reflex 
and simultaneously improving bladder sensation and 
compliance.*! 


Elective surgery 


Surgical treatments cause irreversible changes. Therefore, 
they should only be used if other conservative treatments 
will not achieve a low-pressure reservoir, effective protec- 
tion of the upper urinary tract, and/or continence. 


Denervation techniques 


Surgical or chemical interference with the nerve fibers of 
the pelvic plexus will increase bladder capacity, reduce 
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reflex incontinence, and improve compliance. Injective 
techniques imply locally injected anesthesic agents or phe- 
nol (the latter being irreversible). The early results with 
phenol are generally very good, but, after a year or so, the 
symptoms will relapse in about 80% of patients. Also, 
many complications (fistulae, complete areflexia) have 
been reported; therefore, this technique has been virtually 
abandoned." 

Bladder transection through the entire thickness of the 
detrusor above the trigone will also increase bladder capac- 
ity. Early cure rates are reported to be 74%, but after 5 years 
the success rate goes down to 65%.'° Intradural posterior 
root rhizotomy combined with the implantation of an 
extradural anterior root stimulator is the most frequently 
used method.°*®? Rhizotomy will suppress bladder spastic- 
ity, normally low-pressure storage will be achieved, and 
voiding can be programmed through the anterior root 
nerve stimulator. 

Brindley et al reported on the first 50 implantations in 
1986: 60% of patients were continent. Deafferentation was 
not yet done routinely in every case at that time.” 
Sauerwein tried this method in 45 patients from 1986 to 
1989: 95% were cured from hyperreflexia, 91% became 
continent, and 84% were spontaneous voiders. Post- 
operatively, 6 patients showed low-pressure reflux, which 
was corrected by antireflux surgery. No renal damage was 
noted.® Schurch et al reported that implantation of a 
Brindley stimulator cured reflex incontinence, while 
increasing bladder compliance and reducing postvoid 
residual urine volume from an average of 340 ml to 140 ml: 
VUR disappeared in 3 and was improved in 2 patients.® 
Egon et al implanted the stimulator in 93 patients, 82 of 
whom became continent and 83 became spontaneous 
voiders. Before surgery, 3 had had VUR, which disappeared 
after the intervention. 


Bladder augmentation techniques 


Augmentation techniques should only be used when 
bladder compliance is reduced because of organic causes. 


Autoaugmentation This technique is a means of partial 
myectomy, i.e. the detrusor muscle is excised from the upper 
half of the bladder, which will then dilate, forming a 
diverticulum. Follow-up results after 5 years show a success 
rate of 65%. This surgery is easier to perform than 
conventional intestinal augmentation, and no postoperative 
carcinoma is to be feared, but there is a high risk of 
intraoperative mucosal tear. The bladder takes a long time, 
almost 1 year, to expand sufficiently, so that in the mean- 
time 45% of patients have to be put on intermittent 
catheterization. As a result of a lower intravesical pressure 
decrease than that found in intestinal augmentation, the risk 
of renal damage is somewhat higher.°” 


Enterocystoplasty This technique is indicated in patients 
with small bladder capacity, reduced compliance, and renal 
damage, or incontinence between catheterizations, should 
the condition be refractory to medication. Augmentation 
can be done either with the small or the large intestine. The 
patient may develop metabolic acidosis and runs the risk of 
intestinal carcinoma due to urine contact with the bowel 
mucosa. The intestine to be used must first be 
detubularized. In ileum augmentation, the reported success 
rate is 52-80%, but 20% of patients need to be put on 
intermittent catheterization due to increased residual urine 
volume.” Flood et al evaluated the results of 122 
augmentation cystoplasties performed during an 8-year 
period on patients with reduced bladder compliance (77%), 
or refractory detrusor hyperreflexia/instability (23%). The 
clinical diagnosis in over 50% of cases was neuropathic 
bladder dysfunction (28% SCI, 23% myelodysplasia). They 
performed detubularized ileal augmentation in 67% of the 
patients, detubularized ileocecocystoplasty in 30%, and 
detubularized sigmoid in 3%. Seventy-five percent of 
patients were cured, and 20% improved. The reported 
complications included bladder stones in 21%, incontinence 
in 13%, and pyelonephritis in 11% of these patients. The 
reoperation rate was 16%. Renal insufficiency is a relative 
contraindication for this type of surgery. 


Supravesical diversion 


Supravesical stomas are made if urethral catheterization is 
not viable, augmentation cystoplasty fails, or if there is an 
infiltrating bladder tumor. Incontinent stomas (ileal or 
colonic conduit) mean less comfort than continent stomas. 
Brem et al created ileal conduits in 14 children with MMC, 
and found ureteral reflux in all patients after the interven- 
tion, with renal dysfunction in 28% and bacteriuria in 
70%. Continent stomas (Mitrofanoff, Koch pouch, Mainz 
I, II pouch) induce fewer upper tract complications. The 
most important complications are stomal stenosis, catheter- 
ization difficulty, stone formation in the pouch, and incon- 
tinence (i.e. incompetence of the continent stoma). 


Antireflux surgery 


Reflux in neurogenic bladder dysfunction is mostly the 
result of high intravesical pressures, large residual urine 
volumes, poor bladder capacity, restricted compliance, or 
serious urinary infections. Antireflux surgery by itself will 
not be the unique solution in the majority of cases, as it 
does not decrease bladder pressure or improve compliance 
and capacity. Therefore, this type of surgery is mostly done 
in combination with some other surgical intervention. 
The less-invasive endoscopic method to correct VUR 
consists of submucosal bulking agent injection at the ureteral 
orifice, but the reflux resolution following endoscopic 
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therapy is lower as compared to contemporary reports of 
open surgical correction. It seems that Deflux (a dextra- 
nomer/hyaluronic acid copolymer) and Macroplastique 
(polymethysiloxane) are safer than bovine collagen and 
Teflon.”” A recent meta-analysis of endoscopic therapy 
revealed resolution of reflux in 79% of ureters with grade I 
and II, 72% with grade II, and 65% with grade IV reflux 
after one injection of bulking agent.” Silveri et al adminis- 
tered endoscopic injections in 15 children with MMC and 
performed open surgery in 2. Follow-up results showed 
renal failure in 8 cases.” Casals et al pointed out that the 
endoscopic method is fast, simple, and repeatable.” 

Today open surgery still remains the gold standard pro- 
cedure to treat VUR.” The success rate of open surgery is 
80-95%. The Lich-Gregoir method consists of elongating 
the intramural portion of the distal ureter by burying a 3— 
4 cm segment between the bladder mucosa and the detru- 
sor muscle via an entirely extravesical route. A success rate 
of more than 98% has been claimed by Heimbach et al.” 
The Politano—Leadbetter antireflux procedure, which con- 
sists of elongating of the submucosal portion of the reflux- 
ing ureter, is probably used most widely. The Cohen 
method is mainly undertaken to correct bilateral reflux, 
with the ureters crossing each other on the midline 
through a submucous tunnel. Burbidge compared the 
results of the two latter techniques and found an equal 
success rate (97-98%) for both types of repairs.” 


Sphincterotomy 


This type of intervention is only indicated in males with 
high-pressure storage due to a DSD causing upper tract 
deterioration. The intervention reduces LPP theoretically 
to zero. The resulting incontinence may be managed by a 
condom catheter. Sphincterotomy is performed particu- 
larly when CIC is not possible (e.g. in quadriplegics). 
Upper tract abnormalities and VUR respond favorably to 
sphincterotomy in 70-90% of cases.” The 12 o'clock inci- 
sion suggested by Madersbacher involves fewer complica- 
tions than conventional 3 or 9 o’clock incisions (lower risk 
of bleeding and postoperative erectile dysfunction).”° 


Nephrectomy 


Nonfunctioning kidneys with pyelonephritis or 
hydronephrosis, especially if they cause hypertension, 
should eventually be removed. 


Transplantation 


Following nephrectomy a patient will need regular dialysis 
treatments. The patient’s quality of life will improve signif- 
icantly if, following a successful transplantation, he 
becomes independent on the dialysis center once again. If 


the lower urinary tract is inappropriate for implantation of 
a donor kidney, at least 6 to 10 weeks before the transplan- 
tation a proper reconstruction (augmentatio, urinary con- 
duit, etc.) should be performed.” Power et al gave an 
account of the greatest number of transplantations per- 
formed on spina bifida patients. They found a graft sur- 
vival rate of 80.8% in 1 year, and for 5 years this number 
was 72.7%.’8 While other authors indicated 5% as the 
number of surgical complications in nonselected, normal 
cases, this share in the case of transplantations performed 
alongside urinary diversion was 12-19%.” 
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Benign prostatic hyperplasia and lower urinary 
tract symptoms in men with neurogenic bladder 


Jerry G Blaivas and Ruhee Sidhu 


Introduction 


Lower urinary tract symptoms (LUTS) in men afflicted 
with neurologic diseases are usually attributed to the under- 
lying neurologic condition and termed ‘neurogenic blad- 
der’, yet this is not necessarily the case. Urologic disorders 
such as infection, benign prostatic hypertrophy (BPH), 
urolithiasis, prostate cancer, urethral stricture, and bladder 
cancer are probably as common in these patients as in the 
general population and require the same kind of diagnostic 
evaluation. On the other hand, because of the well-known 
effect of neurologic disorders on the process of micturition, 
neurogenic bladder is not only a confounding variable, but 
it may be entirely responsible for all of the patient’s symp- 
toms. For this reason, the diagnosis and treatment of men 
with LUTS who have underlying neurologic disease is best 
accomplished when there is a clear understanding of the 
underlying pathophysiology. This, in turn, requires knowl- 
edge about the neurophysiology of micturition and the 
effect of specific neurologic lesions on normal physiology. 

BPH results in benign prostate enlargement (BPE) and, 
in some instances, this results in bladder outlet obstruction 
(BPO). However, not all patients with BPE have BPO and, 
conversely, not all patients with BPO have BPE. Further, the 
symptoms historically associated with BPH, termed LUTS, 
may be identical to those of neurogenic bladder. For this 
reason, it is important to determine, as far as possible, 
whether the symptoms are caused by the prostate, the neu- 
rologic disorder, or both, because treatment directed 
towards the underlying condition is usually effective while 
empiric therapies may not only be ineffective, but actually 
harmful. In our judgment, the best method to determine 
the underlying pathophysiology in these patients is the 
video-urodynamic study (VUDS). The X-ray portion of 
the study is particularly important because, as discussed 
below, the radiographic appearance of the vesical neck and 
the prostatic and membranous urethra may be the only 
clues to a neurogenic etiology of what might otherwise 
appear to be symptoms due to BPH. 


In this chapter, we describe the diagnostic and therapeu- 
tic relationship between BPH and various causes of neuro- 
genic bladder, including stroke, Parkinson’s disease (and 
multisystem atrophy), multiple sclerosis, diabetes mellitus, 
spina bifida, and spinal cord injury. 


Pathophysiology of BPH 


The term BPH refers to prostatic cellular proliferation and 
hypertrophy that comprises both epithelial and stromal 
elements. It is the most common benign tumor in men and 
there is an increasing incidence of BPH with advancing 
age. The first manifestations of BPH usually begin at about 
age 40. By age 50 the prevalence is about 60% and it rises 
to 90% by age 85 (Figure 73.1).'+ It is no surprise, then, 
that a substantial number of men with neurogenic bladder 
have concomitant BPH. 

The development of BPH is thought to be related to both 
aging and hormonal function. The relationship between 
aging and BPH has been well documented, as depicted in 
Figure 73.1. The hormonal milieu responsible for BPH 
requires a functioning hypothalamic—pituitary—testes— 
prostate axis; BPH does not develop in men castrated before 
puberty, nor in those with the genetic androgen deficien- 
cies.” Luteinizing hormone-releasing hormone (LHRH) is 
released from the hypothalamus in response to decreased 
levels of circulating testosterone. LHRH results in the 
release of luteinizing hormone (LH) by the pituitary, which 
reaches the testes via the peripheral circulation. At the testis, 
LH binds to surface receptors on Leydig cells and stimulates 
the release of testosterone, which reaches the prostate where 
it acts as a prehormone on the prostatic epithelial cell. At 
this site, it is converted by the enzyme 50-reductase to dihy- 
drotestosterone (DHT), which binds to specific nuclear 
androgen receptors. DHT stimulates prostatic cell growth 
and proliferation, causing BPH.%’ 

Microscopically, prostatic hyperplasia is characterized by 
nodules of benign adenoma in the periurethral zone of the 
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Figure 73.1 
Relationship between BPH and age. 


prostate. As these nodules grow and coalesce, they may 
encroach on the lumen of the prostatic urethra, causing 
prostatic obstruction. 


Pathophysiology and 
differential diagnosis of 
urethral obstruction 


Historically, the relationship between BPH, BPE, and BPO 
had a simplistic paradigm. It was thought that BPH 
resulted in BPE which, in turn, caused mechanical obstruc- 
tion of the prostatic urethra and that it was prostatic 
obstruction that caused all of the symptoms associated 
with BPH. This theorem was underscored by the fact that, 
no matter what the symptoms, the majority of men under- 
going transurethral prostatectomy (TURP) had satisfac- 
tory resolution of their symptoms. However, subsequent 
studies have shown that only about two-thirds of men with 
BPH actually have BPO.’ In fact, the pathophysiology of 
LUTS in men with BPH is multifactorial, composed of ure- 
thral obstruction, detrusor overactivity, impaired or absent 
detrusor contractility, low bladder compliance, and sensory 
urgency (Figure 73.2). 

Prostatic urethral obstruction is attributed to both 
mechanical and functional causes. Mechanical obstruction 
is caused by enlargement of the prostate gland, which 
results in urethral compression. Of course the only 
enlargement that matters is that which impinges upon the 
urethra. Thus, it is possible to have a very large prostate 
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Figure 73.2 

Pathophysiology of LUTS. (a) Urodynamic diagnosis during 
storage. DO, detrusor overactivity; Hypo, hyposensitive bladder; 
Hyper, hypersensitive bladder; Low compl, low bladder 
compliance. (b) Urodynamic diagnosis during voiding. BPO, 
bladder outlet obstruction; IDC, impaired detrusor contractility; 
Areflexia, detrusor areflexia. Adapted from Fusco et al.® 


without urethral compression, or a very small prostate with 
significant obstruction. This explains why there is a poor 
correlation between prostatic size and the degree of 
obstruction.”!° 

Functional obstruction is caused by contraction and/or 
failure of relaxation of the smooth muscle within the walls 
of the prostatic urethra. The prostate contains an abundance 
of O,-adrenergic receptors that are located in the prostatic 
stroma. Three subtypes, and 0,,, O;p, and Oc, have been 
identified that are thought to modulate the contractility of 
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Figure 73.3 

Micturition reflex — this is characterized by an orderly sequence 
of events: (1) relaxation of the striated muscles of the sphincter 


(EMG silence), (2) fall in urethral pressure, (3) rise in detrusor 
pressure, (4) opening of the urethra, and (5) uroflow. 


prostatic smooth muscle. Stimulation of these receptors by 
norepinephrine and other &-active agents results in contrac- 
tion of the smooth muscle and compression of the prostatic 
urethra, increasing the resistance to urinary flow. !™!? 


Effect of neurologic lesions 
on micturition 


Neurologic disorders, independent of BPH, can cause most 
of the very same conditions that cause LUTS in men with 
BPH. In order to understand the clinical relationship 
between LUTS and neurologic disease, it is important to 
consider normal micturition and the effect of neurologic 
lesions on the process of micturition. 

Micturition is normally accomplished by activation of 
the micturition reflex (Figure 73.3). The micturition reflex 
is integrated and modulated at numerous sites throughout 
the central nervous system, including the pontine mesen- 
cephalic reticular formation (pontine micturition center), 
parasympathetic and somatic components of the sacral 
spinal cord (the sacral micturition center), and the thora- 
columbar sympathetics.'*'* Neurologic lesions above the 
pons usually leave the ‘micturition reflex’ intact and, when 
they affect voiding at all, there is usually loss of voluntary 
control. In these patients micturition is physiologically 
normal (there is a coordinated relaxation of the sphincter 
during detrusor contraction), but the patient has simply 
lost the ability to initiate and/or prevent voiding." The 
resulting incontinence is due to involuntary detrusor con- 
tractions, which is called detrusor overactivity (DO). 

There is great variability in the degree of the patient’s 
awareness, control, and concern about micturition. Some 
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Detrusor hyperreflexia (type 4 overactive bladder) due to 
neurologic lesions above the brainstem that leave the pontine 
micturition center intact results in a normal micturition reflex 
that the patient cannot completely control. The patient has 
no awareness of the involuntary detrusor contraction and 
simply voids ‘normally’, but without control. The urodynamic 
tracing is identical to a normal micturition reflex. 


patients have either no awareness or concern and/or are 
unable to contract their sphincter or abort the detrusor con- 
traction and simply void involuntarily (Figure 73.4). This 
pattern is also called type 4 OAB'® and appears identical to 
the micturition reflex except for the absence of control. Other 
patients with suprapontine neurologic lesions can sense the 
impending onset of an involuntary detrusor contraction and 
are able to voluntarily contract the sphincter and abort the 
detrusor contraction before it starts. This pattern is called 
type 2 OAB (Figure 73.5). Others are aware of the involuntary 
detrusor contraction and can contract the striated sphincter, 
but this does not abort the detrusor contraction and inconti- 
nence ensues. This pattern is called type 3 OAB. 

Still other patients with supraspinal neurologic lesions 
have both involuntary detrusor contractions and impaired 
detrusor contractility (Figure 73.6). Some, inexplicably, 
have detrusor areflexia or an acontractile detrusor. The 
neurophysiologic pathways responsible for this have not 
been elucidated. 

Interruption of the neural pathways connecting the ‘pon- 
tine micturition center’ to the ‘sacral micturition center’ usu- 
ally results in detrusor-external sphincter dyssynergia (DESD) 
or other manifestations of poor coordination of the 
micturition reflex, such as weak, poorly sustained detrusor 
contractions.!*!? DESD is characterized by involuntary con- 
tractions of the striated musculature of the urethral sphincter 
during an involuntary detrusor contraction. It is seen 
exclusively in patients with neurologic lesions between the 
brainstem (pontine micturition center) and the sacral spinal 
cord (sacral micturition center). These include traumatic 
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Figure 73.5 

Detrusor hyperreflexia (type 2 OAB). The impending onset of an 
involuntary detrusor contraction is sensed by the patient, who 
immediately contracts the striated sphincter. This is manifested 
as increased EMG activity. At this point, the urethra is dilated in 
its proximal extent with obstruction in the distal third by the 
sphincter contraction (white arrows). Through a reflex 
mechanism, the detrusor contraction is abated and continence 
maintained (no flow, flat Q tracing). 


spinal cord injury, multiple sclerosis, myelodysplasia, and 
other forms of transverse myelitis. 

There are three main types of DESD. In type I there is a 
concomitant increase in both detrusor pressure and EMG 
activity (Figure 73.7). At the peak of the detrusor contrac- 
tion, the sphincter suddenly relaxes and unobstructed 
voiding occurs. Type II DESD is characterized by sporadic 
contractions of the external urethral sphincter throughout 
the detrusor contraction (Figure 73.8). In type II DESD 
there is a crescendo—decrescendo pattern of sphincter 
contraction which results in urethral obstruction through- 
out the entire detrusor contraction (Figure 73.9). 

The diagnosis of DESD should be suspected in any 
patient with a neurologic lesion involving the spinal cord. 
Conversely, in patients without such a lesion, this diagno- 
sis should be viewed with skepticism. In neurologically 
normal patients, a presumed diagnosis of DESD is almost 
always due to an acquired disorder of micturition charac- 
terized by a contraction of the striated sphincter in a con- 
scious or subconscious attempt to abort micturition. The 
correct diagnosis is best attained by video-urodynamic 
evaluation with EMG monitoring. In DESD the onset of 
the detrusor contraction is preceded by an increase in 
sphincter EMG activity. In learned voiding dysfunction the 
sphincter EMG activity diminishes just prior to the con- 
traction, then sporadically increases as the patient con- 
tracts and relaxes the sphincter (Figure 73.10). If EMG is 
unavailable, the characteristics of the urethral contractions 
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Figure 73.6 


Detrusor overactivity or detrusor hyperreflexia and impaired 
detrusor contractiity. An involuntary detrusor contraction is 
heralded by a sudden and complete relaxation of the sphincter 
EMG (orange arrow), but the detrusor contraction is barely 
discernible as a subtle rise in detrusor pressure. Uroflow is low, 
but the urethra opens normally. The patient does not empty 
completely. 
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Type 1 Detrusor-external sphincter dyssynergia (DESD). 
The involuntary sphincter contraction precedes the 
involuntary detrusor contraction. At the peak of the 
detrusor contraction there is a sudden and complete 
relaxation of the striated sphincter (EMG silence) and 
(unobstructed) voiding ensues. During the first half of 
the detrusor contraction there is the classic appearance 
of DESD — a dilated proximal urethra and narrowed 
distal urethra (arrows) associated with increased EMG 
activity and an involuntary detrusor contraction 

(blue oval). 


864 Textbook of the Neurogenic Bladder 


Q 
pves 
pabd 

Involuntary detrusor 
pdet contraction 
EMG 
Involuntary sphincter contraction 

Figure 73.8 


Type 2 detrusor-external sphincter dyssynergia. There are 
sporadic involuntary sphincter contractions throughout the 
involuntary detrusor contraction. During the sphincter 
contractions, the patient is obstructed by his own sphincter 
(blue oval); during sphincter relaxation, voiding is unobstructed 
(orange oval). 
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Figure 73.9 

Type 3 detrusor-external sphincter dyssynergia. The involuntary 
sphincter contraction precedes the involuntary detrusor 
contraction. There is a crescendo—decrescendo pattern in EMG 
activity and voiding is obstructed throughout (blue oval). 


seen at fluoroscopy often provide enough information for 
a definitive diagnosis. 

Sacral neurologic lesions have a variable effect on mic- 
turition depending upon the extent to which the neurologic 
injury affects the parasympathetic, sympathetic, and 
somatic systems. In complete parasympathetic lesions the 
bladder is areflexic and the patient is in urinary retention 
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Figure 73.10 

Acquired voiding dysfunction. The involuntary detrusor 
contraction is preceded by relaxation of the sphincter, then, 
in a subconscious attempt to suppress micturition, the patient 
has sporadic sphincter contractions that interrupt the stream. 
During the sphincter contractions, detrusor pressure rises and 
uroflow falls as the patient is obstructed by his own sphincter. 


(Figure 73.11). In many cases, there is also low bladder 
compliance (Figure 73.12). When, in addition to a parasym- 
pathetic lesion, there is also a sympathetic one, the proximal 
urethra loses its sphincteric function. Clinically, this results 
in incomplete bladder emptying (due to the acontractile 
detrusor) and sphincteric incontinence (due to the non- 
functioning proximal urethra), as seen in Figure 73.13.70? 
In some patients it is difficult to determine whether the rise 
in Pg. is due to low bladder compliance or a detrusor con- 
traction. If detrusor pressure falls when bladder infusion is 
stopped, the rise in pressure is due to low bladder compli- 
ance; if pressure continues to rise or stays the same, it is due 
to a detrusor contraction (Figure 73.14). 

Somatic neurologic lesions affect pudendal afferents and 
efferents. In addition to loss of perineal and peri-anal sen- 
sation, these lesions abolish the bulbocavernosus reflex, 
and impair the ability to voluntarily contract the urethral 
and anal sphincters. Herniated discs, diabetic neuropathy, 
multiple sclerosis, spinal cord injury, and tumors can cause 
sacral neurologic lesions. They are also commonly encoun- 
tered after extensive pelvic surgery such as abdominoper- 
ineal resection of the rectum.” 


Clinical evaluation and 
decision-making 


It should be evident from the discussion above that neuro- 
genic bladder and BPH can cause exactly the same 
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Detrusor areflexia. Despite bladder filling to a large volume, 
there is no detrusor contraction at all and the urethra remains 
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Figure 73.13 

Detrusor areflexia, low bladder compliance, open bladder neck, 
and sphincteric incontinence due to parasympathetic and 
sympathetic injury. During bladder filling the bladder neck is 
open (arrows), there is a gradual rise in detrusor pressure, and 
the patient begins to void/leak with a low flow rate. 


symptoms and underlying pathophysiology. How, then, 
can the clinician determine whether LUTS are due to the 
underlying neurologic disorder, to BPH, or both? And 
more importantly, do these distinctions make a difference 
with respect to treatment and/or prognosis? The answer to 
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Figure 73.12 Detrusor areflexia and low bladder 
compliance. Despite bladder filling to a large volume, there is no 
detrusor contraction, but there is a steep rise in vesical and 
detrusor pressure (low bladder compliance). The urethra 
remains closed. 
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Figure 73.14 Low bladder compliance versus involuntary 
detrusor contraction. During bladder filling there is a gradual 
rise in detrusor pressure and the patient begins to void/leak with 
a low flow rate (arrow). Is this a detrusor contraction or low 
bladder compliance? There are two clues that this is low 
compliance. Firstly, each time the bladder infusion is stopped 
(dashed yellow lines), detrusor pressure falls (solid yellow lines), 
and when bladder infusion is started again (dashed orange 
lines), detrusor pressure rises (solid orange lines). Secondly, the 
rise in detrusor pressure is unassociated with any EMG changes. 
At the end of bladder filling there is complete relaxation of the 
striated sphincter (EMG silence), heralding the onset of an 
involuntary detrusor contraction (yellow arrow). The detrusor 
pressure continues to rise after bladder filling has stopped, 
confirming that detrusor contraction and not low bladder 
compliance is causing the pressure rise. 
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Figure 73.15 
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(a) Diagnostic algorithm. See text for details. (b) Diagnostic possibilities after video-urodynamic studies. See text 


for therapeutic options. 


the latter question is a resounding yes, but the method of 
making such distinctions and assessing the relative contri- 
butions of BPH and neurologic disorders requires a sophis- 
ticated approach, as delineated below. 

To begin with, no matter what the symptoms, we rec- 
ommend that evaluation should begin with a focused his- 
tory and physical examination, questionnaire, urinalysis 
and urine culture, bladder diary, pad test (for incontinent 
patients), uroflow, and measurement of postvoid residual 
urine. Urinary tract infection or bacteriuria should be 
treated with culture-specific antibiotics and the patient 
re-evaluated afterwards. In some patients with persistent 
bacteriuria or recurrent infection it is advisable to perform 
urodynamic evaluation and cystoscopy while the patient is 
taking culture-specific antibiotics. 

Microscopic hematuria is not uncommon in patients 
with neurologic disorders and BPH and its evaluation 
needs to be put into context with the clinical scenario. In a 
newly diagnosed patient, who has not undergone urologic 
instrumentation (urethral catheter or cystoscopy), we rec- 
ommend that a formal hematuria workup be done (cys- 
toscopy and upper urinary tract imaging +/— urinary 
cytology). In patients with chronic conditions who have 
had prior hematuria workup, we believe that it is best to 
repeat the hematuria evaluation every few years if hema- 
turia recurs. For those patients on intermittent catheteriza- 
tion, it is probably best to do a single hematuria workup at 
some point within the first 3 months or so, and periodi- 
cally thereafter if the patient develops gross hematuria in 
the absence of infection. In our unpublished experience 
with thousands of patients with neurogenic bladder who 
are not treated with an indwelling catheter, bladder cancer 
has only been found in 2 patients, but, of course, bladder 


and upper tract stones are occasionally found. In patients 
with indwelling catheters (which we deplore) the incidence 
of bladder cancer has been reported to be about 1%. 

Although it is presumed that LUTS in men has some- 
thing to do with BPO and/or BPH, in fact, the relationship 
between the neurogenic bladder (NGB), BPH, and BPO is 
sufficiently muddled so that the presence or absence of pro- 
static enlargement has no effect whatsoever on pathophysi- 
ologic diagnosis, but, nevertheless, may have important 
therapeutic implications. For example, prostate size is an 
important consideration in the choice of surgical and min- 
imally invasive therapies. Further, there are certain urody- 
namic risk factors that, untreated, are associated with a high 
risk of serious urinary tract infection, hydronephrosis, 
vesico-ureteral reflux and urolithiasis. The most serious of 
these is detrusor-external sphincter dyssynergia and low 
bladder compliance 

Once the preliminary evaluation has been completed we 
follow the algorithm depicted in Figure 73.15. For those who 
fail empiric therapy, video-urodynamic evaluation remains 
the cornerstone of diagnosis. One caveat, though. There are 
some men who have low uroflow and/or large PVR who are 
not sufficiently bothered by symptoms to warrant treatment. 
We recommend that such a patient not undergo invasive uro- 
dynamic testing or cystoscopy because of the risk that it 
might be become the ‘straw that breaks the camel’s back’ and 
cause urinary retention or infection. Rather, we recommend 
renal ultrasound and serum creatinine. If hydronephrosis or 
renal failure is found, we urge the patient to undergo the 
invasive testing; if not, we recommend semi-annual evalua- 
tion with creatinine, Q, PVR, and renal and bladder ultra- 
sound (USG). In the following sections, we detail the clinical 
algorithm more completely based on symptoms. 
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Treatment overview 


A detailed discussion of the treatment of BPH is beyond the 
scope of this chapter; rather, the focus is on understanding 
the goals and mechanisms by which effective therapy is 
accomplished. For men with BPH and neurogenic bladder 
the goals of therapy are threefold: (1) to ameliorate symp- 
toms, (2) to prevent complications, and (3) to manage com- 
plications. It is important to be cognizant that symptomatic 
improvement does not necessarily imply improvement in 
the underlying condition and, in some instances, there may 
be asymptomatic disease progression while the patient is on 
seemingly effective treatment. For example, both anti- 
cholinergics and a-adrenergic blocking agents can success- 
fully treat urgency as silent hydronephrosis develops in 
patients with DESD or prostatic obstruction. For this rea- 
son, it is particularly important that, in addition to treat- 
ment, a lifetime of active surveillance be ongoing in patients 
with risk factors such as DESD, low bladder compliance, 
urethral obstruction, and elevated residual urine. Although 
the particulars of surveillance may vary, we recommend, at 
the least, semi-annual evaluations comprising upper and 
lower urinary tract imaging (renal and bladder ultrasound) 
alternating with renal function studies (creatinine) and 
urodynamics in such high-risk patients. At the first sign of 
deterioration of any of these parameters, appropriate treat- 
ment should be instituted. 

Treatment guidelines are depicted in more detail in the 
following discussions, but the goals of therapy are eluci- 
dated here. First and foremost, effective (and safe) treat- 
ment requires a clear understanding of the underlying 
pathophysiology. In patients with neurogenic disorders 
and LUTS, we deplore the indiscriminant use of empiric 
therapies unless they are accompanied by very careful sur- 
veillance, as delineated above, to be sure that asymptomatic 
complications do not occur. 

Symptomatic treatment is designed simply to ameliorate 
symptoms. Treatment for LUTS can be broadly classified 
into pharmacologic and behavioral, minimally invasive, 
and surgical therapies. These therapies are being developed 
at such a rapid pace by industry, that by the time you are 
reading this chapter, some important new therapies may 
not even be listed and some listed ones may be considered 
obsolete. Nevertheless, for patients with prostatic obstruc- 
tion, we believe that that the gold standard, currently 
transurethral resection of the prostate, will continue to be 
some form of treatment that relieves the obstruction. To 
date, pharmacologic and minimally invasive therapies for 
obstruction offer, at best, moderate improvement for the 
majority of patients, although they might be very effective 
in some. 

For those with typical obstructive and irritative LUTS, 
a-adrenergic blocking agents are widely considered to be 
the first line of treatment, but their mechanism of action is 
not well understood. They were originally chosen because 


Risk factors for development of urologic 
complications 


Indwelling bladder catheter 
Detrusor-external sphincter dyssynergia 
Low bladder compliance 

Prostatic obstruction 

Vesico-ureteral reflux 

Urolithiasis 


of their theoretic impact upon prostatic obstruction.*?™* It 
was hypothesized that, since the prostatic stroma has an 
abundance of 0,-adrenergic receptors, blockade would 
relax the smooth muscle and reduce the degree of urethral 
resistance offered by the prostatic urethra. Although this 
does occur in some patients, it has been subsequently 
shown that effective symptomatic treatment can be accom- 
plished without any amelioration of obstruction at all.*>6 
This means that the clinician cannot rely on symptoms as a 
proxy for urethral obstruction and mandates careful follow- 
up, as outlined above. Accordingly, we recommend follow- 
ing the algorithm depicted in Figure 73.15 for all patients 
with BPH and neurologic disease. 

The potential complications of neurogenic bladder and 
BPH include recurrent and/or persistent gross hematuria 
or infection, bladder and kidney stones, hydronephrosis, 
and renal failure. Further, in those managed by indwelling 
urethral catheters (which we deplore) urethral strictures 
may occur. In our judgment, bladder stones, hydronephro- 
sis, and renal failure are almost always the tragic conse- 
quences of failure to insure proper surveillance and 
treatment; they are entirely preventable complications that 
are caused by underlying risk factors (Table 73.1). Of 
course, the responsibility of insuring high-quality care is a 
shared one, borne by the physician, the patient, his family, 
and the healthcare system. Sadly, all too often, economics, 
apathy, and poor patient compliance come into play, blunt- 
ing our ability to provide the high-quality care that our 
current state of knowledge and expertise demand. 

Treatment of symptoms is, of course, elective, but treat- 
ment to manage complications has strong indications. 
Further, urodynamic studies provide important prognostic 
information about the likelihood developing complica- 
tions caused by low bladder compliance and detrusor- 
external sphincter dyssynergia, both of which portend 
hydronephrosis and/or vesicoureteral reflux, recurrent 
infections, stones, and ultimately renal failure. In our 
judgment, these conditions mandate treatment even in 
patients who are not bothered by their symptoms. When 
low bladder compliance is accompanied by prostatic ure- 
thral obstruction, outlet-reducing surgery is likely to pre- 
vent upper tract damage and also to reverse the low 
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compliance.’” For those patients in whom postoperative 
continence is a concern, intermittent catheterization +/— 
anticholinergic medications is an effective alternative. In 
our judgment, augmentation enterocystoplasty and/or 
continent urinary diversion is a better long-term solution 
than a chronic indwelling catheter.**”? Although, o- 
adrenergic blocking agents have been used to treat low 
bladder compliance, we do not believe that they are effec- 
tive in most patients. Further, the role of minimally inva- 
sive therapies is not known. No matter what treatment is 
chosen for low bladder compliance, the importance of 
upper tract surveillance cannot be overemphasized. For 
patients with pre-existing hydronephrosis, we recommend 
renal ultrasound 3 months after the initiation of treat- 
ment and, if the hydronephrosis is not resolved or 
improved, repeat urodynamics should be done to docu- 
ment that the bladder compliance is normal; if not, fur- 
ther therapy should be instituted. 


Urinary retention and voiding 
‘obstructive’ symptoms 


Urinary retention is the inability to void once bladder 
capacity has been reached or exceeded. At first glance, the 
diagnosis seems straightforward, but it is important to dis- 
tinguish urinary retention from a kind of paresthesia that 
sometimes occurs in patients with supraspinal neurologic 
lesions (stroke, multiple sclerosis) and in some other 
patients with detrusor overactivity. Such patients confuse 
abnormal bladder sensations or involuntary detrusor con- 
tractions with the urge to void when, in fact, there is little 
urine in the bladder. Heeding the urge to void, they try to 
do so, but because of the low bladder volume or loss of vol- 
untary bladder control they are unable to, and their symp- 
tom is misconstrued as being urinary retention. In either 
case, the correct diagnosis should be apparent when blad- 
der volume is measured. 

The sine-qua-non of the diagnosis of urinary retention, 
then, is the post-attempt-at-urination measure of residual 
urine. If residual urine is not elevated, it is important to 
also rule out bacterial cystitis as a treatable cause. 

Treatment of the paresthesias alluded to above is accom- 
plished when there is a clear understanding of the underly- 
ing pathophysiology and, to this end, urodynamics is 
indispensable. If the patient complains of urgency and uro- 
dynamics confirms type 3 or 4 detrusor overactivity (as 
described above), paradoxically, anticholinergics alone 
might be effective treatment. If type 1 or 2 detrusor over- 
activity is found, behavioral therapy alone might be more 
appropriate and, of course, combinations of the two are 
another option. 

In the vast majority of men who complain of urinary 
retention the diagnosis is correctly confirmed by measure- 
ment of residual urine. Occasionally, there is a precipitating, 


Numeric criteria for diagnosing obstruction 


and impaired detrusor contractility 


P det max(CmH,O) Orea s) 
Obstruction >40 <12 
Equivocal 30-39 <12 
Impaired detrusor 
Contractility < 30 <i? 


remediable event that causes urinary retention. Alpha- 
adrenergic agents (that may be found in over-the-counter 
cough medications or nasal decongestants) cause urinary 
retention by causing contraction (or failure of relaxation) 
of prostatic smooth muscle. Antihistamines and anticholin- 
ergics may precipitate retention by a direct inhibitory effect 
on detrusor contractility. Acute bacterial prostatitis, pro- 
static infarction, and acute bladder overdistention during 
surgery also may cause urinary retention. 

Chronic, asymptomatic urinary retention may develop 
in men with neurogenic bladder as well as those with BPH. 
These patients remain undetected until they are finally 
unable to void at all, or are found to have a large bladder 
and/or hydronephrosis during surveillance upper tract 
imaging. 

No matter what the presentation, when urinary reten- 
tion is found, there are two major concerns: (1) Is the uri- 
nary retention due to impaired detrusor contractility, 
urethral obstruction, or both? (2) Is it caused by BPH,neu- 
rogenic bladder, or both? The answer to both questions 
is best attained by interpreting the results of video- 
urodynamics in perspective with neurologic diagnosis and 
clinical findings. 

Synchronous measurement of detrusor pressure and 
uroflow is the most accurate means of determining the rel- 
ative contributions of urethral obstruction and impaired or 
absent detrusor contractility to urinary retention. Without 
more information, it is not possible to determine whether 
these abnormalities are of neurologic etiology or due to 
BPH (or other kinds of urethral obstruction). In our judg- 
ment, nomograms are useful for grading the severity of 
obstruction and adequacy of detrusor contractility, but we 
rely on visual inspection of the detrusor pressure/uroflow 
curves (coupled with radiologic visualization of the ure- 
thra) for making the diagnosis. Numeric criteria for this are 
presented in Table 73.2. We prefer the Schaefer (Figure 
73.16)*°*! to the Abrams Griffith nomogram” because it 
defines 6 gradations of urethral obstruction. Grades 0-1 are 
unobstructed, 2 is equivocal, and 3—6 represent increasing 
degrees of obstruction. Further, it classifies detrusor con- 
tractility into 5 graded categories ranging from very weak to 
very strong. 
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Flow 


Figure 73.16 
Schaefer bladder outlet obstruction and detrusor contractility 
nomogram. 


The detrusor pressure/uroflow data, though, cannot dis- 
tinguish BPH-induced obstruction from that due to neuro- 
genic bladder. In fact it may be impossible to make this 
distinction with certainty, but there are clinical and radi- 
ographic findings that favor one or the other etiology. 
Neurogenic urethral obstruction is almost always due to 
DESD and, in its usual form DESD has a characteristic 
appearance — dilation of the prostatic urethra and narrowing 
of the membranous urethra (Figure 73.17). DESD is almost 
always due to a neurologic lesion between the sacral and 
pontine micturition centers, such as spinal cord injury and 
multiple sclerosis (Table 73.3). Treatment of DESD takes two 
generic forms — relieving the obstruction (external sphinc- 
terotomy, botulinum toxin injections into the striated 
sphincter, or urethral stent) or bypassing the obstruction 
with intermittent catheterization and aborting the involun- 
tary detrusor contractions (pharmacologic, botox injections 
into the bladder, enterocystoplasty). Treatments that relieve 
the obstruction result in incontinence, so the patient will 
need to use a condom catheter or other appliance. 

In contradistinction to DESD, the site of obstruction 
due to BPH is in the prostatic urethra (Figure 73.18). In 
some patients, there is both prostatic obstruction and 
DESD. This is difficult to diagnose with certainty because 
the classic spinning top configuration of the prostatic ure- 
thra is not present. The diagnosis should be suspected 
when both the prostatic and membranous urethra are nar- 
rowed in a patient with neurologic findings that make 
DESD suspect (Figure 73.19). Another confounding factor 
is that some quadriplegic men after spinal cord injury 
develop secondary vesical neck obstruction that has a sim- 
ilar radiographic appearance (Figure 73.20). 

The distinction between prostatic obstruction and 
DESD is more than an academic one. It has very important 
therapeutic and prognostic implications. The symptoms 


Figure 73.17 

Detrusor-external sphincter dyssynergia (DESD) (a) Urodynamic 
tracing. This is a classic urodynamic tracing of DESD — an 
involuntary contraction of the striated sphincter that precedes 
and continues throughout the involuntary detrusor 
contraction. The increased EMG activity (arrow), that proxies for 
the sphincter contraction, begins long before the onset of the 
involuntary detrusor contraction. The flat line at the peak of 
the pves and pdet tracings is caused by a preset computer 
cutoff than can be switched on or off. Actual pdetmax = 115 
cmH,0. The bladder volume at which the detrusor contraction 
occurred (in this patient 1000 ml) is unusual. Most patients 
with DESD have a much smaller bladder capacity. (b) X-ray 
obtained at pdet max shows the classic picture of DESD — 
complete obstruction at the membranous urethra (arrows) and 
a trabeculated bladder, often with a ‘Christmas tree’ shape, as 
seen here. (Figure courtesy of Jerry G Blaivas MD.) 
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Causes of detruso-external sphincter 
dyssynergia 


Multiple sclerosis (spinal lesion) 
Transverse myelitis 
Spinal cord injury 
Infection 
Inflammation 
Spinal cord tumor 
Spina bifida (above S2) 
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Figure 73.18 

Prostatic obstruction associated with BPH. (a) Urodynamic 
tracing. Urethral obstruction associated with BPH. The patient is 
a 73-year-old neurologically normal physician with 4+ prostatic 
enlargement. (b) X-ray obtained at Qmax shows a markedly 
narrowed prostatic urethra and a filling defect at the bladder 
base caused by intravesical protrusion of the prostate. (Figure 
courtesy of Jerry G Blaivas MD.) 
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Involuntary sphincter contraction 
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Figure 73.19 

Urethral obstruction due to DESD and prostatic urethral 
obstruction in a 52-year-old man with spastic paraparesis owing 
to radiation myelitis (lymphoma). (a) Urodynamic tracing. An 
involuntary detrusor contraction occurred at a bladder volume of 
264 ml. Qmax = 0.7 mI/s, Pret Qmax = 92 CMH, Paetmax = 108 cmH,0, 
voided volume = 16 ml, postvoid residual = 224 ml. (b) X-ray 
obtained at Pyetmax demonstrates some contrast in the bulbar 
urethra and in the mid-prostatic urethra. There is narrowing of 
both the proximal and distal prostatic urethra, suggesting both 
bladder neck obstruction (from BPH) and DESD. It is impossible 
from this study to determine to what degree the patient’s 
symptoms are due to prostatic obstruction versus DESD. (Figure 
courtesy of Jerry G Blaivas MD.) 


and consequences of prostatic obstruction are, for practical 
purposes, cured by effective surgical treatment such as 
TURP and symptomatic improvement can be expected in 
the majority of men with pharmacologic and minimally 
invasive therapies (Table 73.4). These treatments are of no 
benefit in men with DESD. 

On the other hand, surgical treatment of DESD such as 
external sphincterotomy can cause irreversible harm in 
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Figure 73.20 

DESD and bladder neck obstruction in a 67-year-old male, 
paraplegic due to an arteriovenous malformation at T6. 

(a) Urodynamic tracing. Note that the increase in EMG activity 
occurs just prior to the onset of the detrusor contraction. 

(b) X-ray. The prostatic urethra is dilated and completely 
obstructed at the membranous urethra by the involuntary 
sphincter contraction (white arrows). In addition, though, there 
is narrowing of the bladder neck and proximal urethra (black 
arrows), suggestive of secondary bladder neck or prostatic 
obstruction. (Figure courtesy of Jerry G Blaivas MD.) 


men with prostatic obstruction, because once the correct 
diagnosis is ascertained, subsequent TURP is likely to cause 
sphincteric incontinence. 


Overactive bladder symptoms 


The evaluation of overactive bladder (OAB) in men 
with NGB and BPH should commence with a search for 


Treatment of prostatic obstruction 


Pharmacologic 
a-adrenergic antagonists 
Alfuzosin 
Doxazosin 
Tamsulosin 
Terazosin 
5 alpha reductase inhibitors 
Dutasteride 
Finasteride 
Combination: alpha blocker + 50.-reductase inhibitor 
Anticholinergics 
Minimally invasive therapies 
Transurethral/transrectal thermotherapy 
Transurethral needle ablation 
Transurethral stent 
Surgical 
Transurethral incision of the prostate 
Transurethral resection of the prostate 
Transurethral KTP laser electrovaporization 
Transurethral holmium laser resection/enucleation 


Open prostatectomy 


Remediable causes of overactive bladder 


Urinary tract infection 
Urethral obstruction 
Bladder stones 
Bladder cancer 


remediable causes (Table 73.5). Urinary tract infection 
should be treated with culture-specific antibiotics and 
bladder stones eliminated. Thereafter, the diagnosis and 
treatment are best accomplished by video-urodynamic 
evaluation, cystoscopy, and careful attention to the clinical 
evaluation obtained by history, exam, bladder diary, and 
pad test. The video-urodynamic evaluation, though, is the 
cornerstone of making diagnostic and treatment decisions. 
During bladder filling, the type of OAB is determined (see 
OAB classification, above) and during the voiding phase 
the presence or absence of urethral obstruction and 
impaired detrusor contractility is observed. For those 
patients with urethral obstruction it is crucial to be certain 
whether the obstruction is prostatic or due to DESD as 
outlined above. Armed with this information, therapeutic 
decisions can be made with greater prognostic accuracy, 
though it often requires a sophisticated evaluation of the 
particulars of the clinical situation. 
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‘Involuntary detrusor contraction * 


Asked'to void 


Urgency and urge incontinence are the most bother- 
some symptoms of OAB and effective treatment requires a 
detailed understanding of the underlying condition. For 
those whose symptoms are due to prostatic obstruction, 
effective treatment of the obstruction is, in our judgment, 
the most effective treatment of the OAB symptoms. All of 
the patients depicted in Figures 73.21-73.25 underwent 
successful outlet-reducing surgeries and OAB symptoms 
were greatly improved or relieved altogether. When OAB 
and prostatic obstruction coexist it is of the utmost impor- 
tance to consider the patient’s current continence status, 
the likelihood of incontinence after surgical treatment, and 
to gather whatever clinical information is relevant to prog- 
nosticate. As a general rule, if the patient has OAB and/or 
DO and prostatic obstruction, but is not incontinent prior 


Figure 73.21 

Type 3 detrusor overactivity and grade 3 prostatic obstruction in an 
80-year-old man who sustained a cerebrovascular accident (CVA) (right 
hemiplegia) 1 year prior to this study. He developed urinary retention 
immediately after the stroke and was treated with a Foley catheter for 5 
months and then switched to intermittent self-catheterization. On that 
regimen, he complained of urge incontinence. (a) Urodynamic tracing. 
This is a closeup of an involuntary detrusor contraction that he senses 
as an urge to void and contracts his sphincter to prevent incontinence. 
As the detrusor contracts against the closed sphincter there is a steep 
rise in pdet and he maintains continence. The detrusor contraction 
does not abate and he is then told to void, the sphincter relaxes, and he 
voids (pdetQmax = 55 cmH,0; Qmax = 8 ml/s). (b) X-ray exposed while 
he is contracting his sphincter in an attempt to prevent incontinence 
shows the typical picture of DESD with obstruction at the membranous 
urethra (arrow). (c) X-ray exposed during voluntary micturition shows a 
narrowed prostatic urethra typical of prostatic obstruction associated 
with BPH. He underwent TURP and had resolution of his OAB 
symptoms and no longer needed intermittent catheterization. (Figure 
courtesy of Jerry G Blaivas MD.) 


to TURP, the chance of postoperative incontinence due to 
OAB is very low. On the other hand, if the patient already 
has urge incontinence, we believe the risk of persistent 
incontinence is much greater, but surgery is still worth- 
while in suitable candidates because a substantial number 
will be improved. Because there is so much variability in 
neurologic status amongst patients, it is difficult to gener- 
alize, but the lower the OAB type (i.e. type 1 or 2), the 
greater the chances that OAB symptoms will be improved 
after outlet-reducing surgery. Nevertheless, the preopera- 
tive continence status is probably the most important pre- 
dictor of postoperative continence. 

When detrusor overactivity and impaired detrusor con- 
tractility coexist, effective treatment is very difficult to 
accomplish (Figure 73.26). There are several therapeutic 
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Figure 73.22 

Grade 4 prostatic urethral obstruction and type 2 detrusor 
overactivity in a 68-year-old diabetic man with juvenile onset, 
type 1 insulin-dependent diabetes who complained of urinary 
frequency, decreased stream, urgency, and urge incontinence. 
After TURP his obstruction was relieved, but his OAB symptoms 
persisted for about 2 months and then gradually subsided. 

(a) Urodynamic tracing. At a bladder volume of about 150 ml, he 
had an involuntary detrusor contraction that he was aware of. 
He was able to contract his sphincter, prevent incontinence, and 
abort the detrusor contraction. The EMG tracing was not on at 
that time. The bladder was then filled until he sensed the need 
to void and he had a voiding of 244 ml. Picta,,,,= 99 CMH20; 
Qmax = 10 ml/s; PVR = 6 ml; this corresponds to Schafer grade 4 
obstruction. (b) X-ray obtained at Qmax demonstrated diffuse 
narrowing of the prostatic urethra (arrows). (Figure courtesy of 
Jerry G Blaivas MD.) 


approaches. The most straightforward is to attempt to 
abolish the involuntary detrusor contractions and add 
intermittent catheterization if residual urine is too high. 
Alternatively, since it is not possible to accurately deter- 
mine whether or not the impaired detrusor contractility is 
the result of detrusor decompensation due to underlying 


High detrusor pressure —> i: 
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Figure 73.23 

Prostatic obstruction in a 73-year-old man with Parkinson’s 
disease. (a) Urodynamic tracing. Qmax= 1Ml/S; Pieto na = 

150 cmH30; Pyetmax = 187 cmH,0; voided volume = 33 ml; 
postvoid residual = 88 ml. (b) X-ray obtained during voiding 
shows a heavily trabeculated bladder and narrowed prostatic 
urethra. (Figure courtesy of Jerry G Blaivas MD.) 


prostatic obstruction, empiric outlet-reducing surgery 
such as TURP could be tried and, if that fails, one could 
revert to the first approach. Unfortunately, in many such 
men, intermittent catheterization is impractical because of 
either cognitive or physical comorbidities. In these 
instances, none of the options are appealing and pads, 
appliances, indwelling catheters, or urinary diversion must 
be resorted to. 

As alluded to above, it may be difficult or impossible to 
determine with certainty whether the OAB symptoms and 
obstruction are due to BPH, neurogenic bladder, or both, 
but when the converse is true (i.e., the patient has OAB but 
no urethral obstruction), the problem is more straightfor- 
ward (Figures 73.27 and 73.28). In these instances, treatment 
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Figure 73.24 

Sphincter bradykinesia and grade 5 prostatic urethral 
obstruction in a 65-year-old man with Parkinson’s disease. He 
has had Parkinson’s disease for about 12 years. He complains of 
urge incontinence most days (mostly when he’s frozen, but he 
keeps urinary bottles everywhere at home because he won’t be 
able to make it in time). His AUA symptom score is 20. He’s had 
these symptoms for several years and is treated with tamsulosin 
and oxybutinin, but doesn’t consider the symptoms bad enough 
to require further interventions. (a) Urodynamic tracing. There 
is no change in EMG activity during the involuntary detrusor 
contraction. This is characteristic of sphincter bradykinesia. 
Qmax = 4-8 MI/S; Puetoma = 95 CMH20; voided volume = 275 ml; 
postvoid residual = 30 ml. This corresponds to a Schafer grade 

5 urethral obstruction. (b) X-ray obtained at Qmax shows a 
narrowed prostatic urethra consistent with prostatic 
obstruction. (Figure courtesy of Jerry G Blaivas MD.) 


Figure 73.25 

Grade 6 prostatic obstruction and type 4 OAB in an 81-year-old 
man with Parkinson’s disease of 3 years’ duration. He developed 
urinary retention and a prostatic stent was then placed, which 
failed to resolve his urinary retention. Cystoscopy revealed the 
proximal prostatic urethra and vesical neck to be ‘filled’ with 
what appeared to be prolapsing prostatic lobes. (a) Urodynamic 
tracing. Qmax = 0.5 ml/s; Påetoma, = 108 CMH0; Puetmax = 123 
cmH,0; voided volume = 10 ml; postvoid residual = 60 ml. 

(b) X-ray exposed at Qmax Shows no contrast in the urethra and 
grade 6 left vesicoureteral reflux. Note that the proximal margin 
of the stent (arrows) is about 1 cm distal to the bladder neck. At 
cystoscopy the tissue proximal to the stent appeared to be 
protruding prostatic lobes causing obstruction. (Figure courtesy 
of Jerry G Blaivas MD.) 


should be directed at the OAB no matter how large the 
prostate is. Surgical treatment of the prostate, in particu- 
lar, is likely to be ineffective and may even be harmful. 
Men with OAB due to neurogenic detrusor overactivity 
are best served by treatment of OAB described in the pre- 
ceding section, but in men with types 3 and 4 OAB 
and other comorbidities, such treatment is notoriously 
ineffective. 
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Figure 73.26 


Detrusor hyperreflexia (type 3 OAB) and impaired detrusor contractility 


associated with CVA in an 82-year-old man who is 4 months S/P CVA 
that resulted in right hemiparesis. There are no cognitive deficits. He 
complains of urinary frequency, urgency, and urge incontinence and 
soaks through large pads day and night. (a) Urodynamic tracing. Ata 
bladder volume of 269 ml there was an involuntary detrusor 
contraction. He perceived the contraction as urge. He contracted his 
sphincter and temporarily prevented incontinence, but the detrusor 
contraction continued and, after a short time, he voided involuntarily. 
Note that there is a disparity between the EMG tracing and 
pressure—flow curves. One would expect that when the EMG becomes 
silent, just after the detrusor contraction occurred, that pdet would fall 
and voiding ensue. Further, the EMG activity is increased throughout 
the detrusor contraction, but there appears to be no correlation 
between the increased EMG activity, uroflow, detrusor pressure, or the 
radiographic appearance of the urethra. When such a disparity exists, 
we believe that the EMG is artifact. Qmax= 6 Ml/S; Pueta,n, = 20 CMH,0; 
Pdetmax = 26 CmH,0. According to the Schafer nomogram, this 
represents a very weak bladder without urethral obstruction. Voided 
volume = 171 ml; PVR= 101 ml. (b) X-ray obtained during voiding at 
Qmmax Shows poor visualization of the prostatic urethra, but the bulbar 
and anterior urethra are well seen. (Figure courtesy of Jerry G 
Blaivas MD.) 


Involuntary detrusor contractions 


Figure 73.27 

Detrusor hyperreflexia (type 4 detrusor overactivity) in a 66-year- 
old man 3 years after a cerebrovascular accident that that left 
him with left hemiparesis and incontinence. (a) Urodynamic 
tracing. During bladder filling there were involuntary detrusor 
contractions beginning at a volume of 240 ml. He perceived the 
contraction as urge, but was not able to contract his sphincter 
and he voided involuntarily. Qmax= 13 ml; Pueto,,., = 46 CMH30. 
This corresponds to a Schafer grade 1, which is not considered to 
be urethral obstruction. Voided volume = 243 ml; postvoid 
residual = 0 ml. (b) X-ray obtained at Qmax Shows a normal 
urethra in this . (Figure courtesy of Jerry G Blaivas MD.) 


Incontinence 


Incontinence is due to bladder abnormalities and/or 
sphincter abnormalities. Bladder abnormalities (detrusor 
overactivity or low bladder compliance) are by far the 
most common causes. The treatment is outlined above. 
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Figure 73.28 

Detrusor hyperreflexia (type 4 detrusor overactivity) due to CVA. LM is 
a 66-year-old man 3 years S/P CVA that left him with left hemiparesis 
and incontinence. (a) Urodynamic tracing. During bladder filling 
there were spontaneous involuntary detrusor contractions beginning 
at a volume of 240 ml. He perceived the contractions as urge, but 
was not able to contract his sphincter and he voided involuntarily. 
After the first detrusor contraction had almost abated, when the 
bladder was almost empty, there was an involuntary sphincter 
contraction that obstructed the urethra and caused a momentary 
rise in detrusor pressure (arrow). The detrusor contraction continued 
and the remaining bladder urine was voided with a flow of only 
about 1 ml/s. Pae@Q study Qmax = 13 M1; Pueta,,,, = 46 CMH,0. This 
corresponds to a Schafer grade 2 which is not considered to be 
urethral obstruction. Voided volume = 243 ml; postvoid residual = 0 
ml. (b) X- ray obtained near the end of micturition shows a normal 
caliber bulbar urethra. The prostatic urethra seems narrowed, but 
was wide open on earlier views that are not reproduced here. The 
bladder has an irregular contour consistent with coarse 
trabeculations. (Figure courtesy of Jerry G Blaivas MD.) 
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Figure 73.29 

Sphincteric incontinence and detrusor areflexia in a 51-year-old 
man who underwent excision of a giant cell tumor of the sacrum 
20 years previously. He complains of sphincteric incontinence 
and needs to strain to void. (a) Urodynamic tracing. The bladder 
is areflexic and when he strains there is overt sphincteric 
incontinence. (b) X-ray exposed at the VLLP (vesical leak-point 
pressure) shows a wide open urethra down to the midportion of 
the bulb. (Figure courtesy of Jerry G Blaivas MD.) 


Sphincteric causes of incontinence are rare and include 
prior prostatic or urethral surgery and certain neurologic 
conditions that involve the thoracolumbar and sacral 
spinal cord segments. The diagnosis of sphincteric inconti- 
nence should be suspected from the history and confirmed 
by examination with a full bladder and/or a video- 
urodynamic study. Management of sphincteric inconti- 
nence depends, to a large extent, on the underlying neuro- 
logic condition and associated urodynamic abnormalities. 
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Figure 73.30 

Typical urodynamic study in Shy—Drager syndrome showing 
detrusor areflexia, low bladder compliance and open bladder 
neck at rest. (a) Urodynamic tracing. During bladder filling, there 
is a steep rise in detrusor pressure and when filling is stopped, 
pdet falls, showing that this is due to low bladder compliance 
and not a detrusor contraction. The sporadic bursts of EMG 
activity are movement artifacts, as each burst is accompanied by 
an increase in pabd and pves. (b) X-ray shows an open bladder 
neck with 175 ml in the bladder (arrows). (Figure courtesy of 
Jerry G Blaivas MD.) 


For those whose only abnormality is sphincteric inconti- 
nence (i.e., detrusor contractility is normal and there is no 
urethral obstruction), sphincter prosthesis is the treatment 
of choice. Alternatively, one may consider a male sling, but 
we prefer the former. Unfortunately, such patients are 
rarely encountered in clinical practice. More commonly, 
sphincteric incontinence is accompanied by detrusor are- 
flexia (Figure 73.29). Sphincteric incontinence and detru- 
sor areflexia are seen most commonly in patients with 
spinal cord tumors, anterior spinal artery occlusion, and 
spina bifida. In these patients, a sphincter prosthesis may 
ameliorate the incontinence and they may be able to void 


Etiology of sphincteric incontinence 


Post-prostatectomy 
Multisystem atrophy (particularly Shy—Drager syndrome) 
Thoracolumbar and sacral spinal cord lesions 

Spina bifida 

Anterior spinal artery thrombosis 

Spinal cord tumors 

Trauma 

Post-abdominoperineal resection of the rectum 


by straining. If not, intermittent catheterization becomes 
necessary, but this increases the chances of erosion of the 
sphincter cuff. The worst pathophysiology is that which 
results in low bladder compliance, detrusor areflexia (or 
detrusor hyperreflexia), and sphincteric incontinence 
(Figure 73.30). These combinations are seen most often in 
patients with spina bifida, Shy—Drager syndrome (and 
other multisystmen atrophy patients), and spinal cord 
tumors (particularly after radiation). Treatment must take 
the nature of the underlying neurologic condition into 
account. For those with progressive degenerative disorders 
like multisystem atrophy, we believe that it is best to man- 
age them very conservatively from the beginning, with 
timed intermittent catheterization and treatment to abol- 
ish involuntary detrusor contractions. As the disease pro- 
gresses, over time, it is likely that the catheterization will 
require a caregiver. Alternatively, early urinary diversion 
may afford a better long-term life style. 


Conclusion 


In men with neurogenic bladder, the incidence of BPH, BPE, 
and BPO probably mirrors that seen in the general popula- 
tion. That means that the chances of these conditions coex- 
isting with neurogenic bladder increases with advancing age 
and, by age 80 clinical BPH is apparent in over 60% of men. 
When BPH and neurogenic bladder coexist, the most reli- 
able means of identifying the underlying pathophysiology is 
the video-urodynamic study. Effective treatment is best 
accomplished when based on the underlying cause. No mat- 
ter what the treatment, though, careful long-term surveil- 
lance is important to prevent complications. 
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Pathophysiology of male sexual dysfunction after 


spinal cord injury 


Pierre Denys and Djamel Bensmail 


Sexual function is a fundamental need in human beings. 
After spinal cord injury (SCI), the modification of neuro- 
logic control and its consequences on reproductive organs 
have been extensively described in humans. Globally, sex- 
ual satisfaction decreases but sexuality remains a major 
concern, specifically after the first year following the 
injury.’ Moreover, recovery of sexual function is the major 
concern of paraplegic patients before locomotion,” after the 
acute rehabilitation phase. For these specific sequelae/ 
complications we have to keep in mind that the majority of 
patients are male and young.’ The impact of the neuro- 
logic lesion and its physiologic consequences must be bal- 
anced by the fact that the quality of life with respect to 
sexuality after spinal cord lesion concerns more the rela- 
tionship with a partner and mental well-being rather than 
the preservation of sexual ability.'“ In clinical practice it is 
well known that this population have specific problems 
such as dissociation between sensation, erection, ejacula- 
tion, and orgasm. Such dissociation is only seen in cases of 
neurologic lesion. Erection can be improved by several 
treatments, but sensation is not modified, and furthermore 
the ability to ejaculate during intercourse is not improved 
by any of the available treatments. 

Sexual behavior is under the control of a complex neural 
network which connects autonomic, somatic reflex path- 
ways and cerebral control. Very little is known about the 
physiology and physiopathology of sexual function in ani- 
mal models after a spinal lesion, which is a complicated 
subject with many unknowns. Historically, the approach 
was to characterize the sexual response to the level and 
extent of the injury in men and women. This gave a lot of 
information on the respective roles of the spinal segments 
(i.e. sacral, thoracolumbar) for reflexogenic, psychogenic 
erection and ejaculation, orgasm, and sexual response in 
women. However, very little is known about the dynamic 
neurologic process and reorganization (neuroplasticity) 
that might occur after a spinal lesion. This is in contrast to 


an extensive literature which addresses the role of neuro- 
plasticity and neurotrophic factors in the reappearance 
of bladder contraction after the spinal shock phase. 
Modifications of afferent properties and the role of neu- 
rotrophic factors are now well described in rat and cat mod- 
els of complete spinal cord lesions for the control of bladder 
and striated sphincter or for autonomic dysreflexia.> The 
description of a central generator of ejaculation® will prob- 
ably change the way of thinking about modifications 
induced by spinal lesions, both in terms of pharmacologic 
regulation and the impact on the regulation of this para- 
mount sexual function from a fertility perspective. 


Impact of a lesion of the 
ascending and/or descending 
pathways on sexual function 
in the male 


Neural circuitry controling erection and ejaculation is 
located within specific regions of the spinal cord,”* and is 
described in Chapter 8 of this volume. In spinal cord 
injured patients, sexual behavior modifications can be 
induced by lesion of the spinal cord centers themselves 
(sacral or low thoracic) or by lesion of descending and 
ascending pathways controling their activities. This chapter 
will mainly review the impact of lesions on pathways 
related to the ejaculatory response. 

Several supraspinal regions are involved in the regula- 
tion of the spinal centers for ejaculation and of the spinal 
ejaculation generator (for review see reference 9). They can 
be either inhibitory or excitatory and include the nucleus 
paragigatantocellularis (nPGi), the paraventricular nucleus 
of the hypothalamus (PVN), and the medial preoptic area 
(MPOA). The group of lumbar spinothalamic (LSt) neurons 
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that is a candidate for the spinal ejaculation generator sur- 
rounds the central canal at the L3 and L4 level in rats, and 
these neurons project to the parvocellular subpara- 
fascicular thalamic nucleus. 

To investigate the effect of ascending and/or descending 
pathways involved in the regulation of ejaculation, the loca- 
tion of injury must be at the midthoracic level to avoid 
lesions of spinal autonomic centers, and the effect of the 
lesions must be evaluated 30 days after injury to avoid the 
spinal shock phase. Early behavioral studies on rats with 
transections at the midthoracic level showed an enhanced 
erectile and depressed ejaculatory reflex.'!°!* More recently, 
Nout et al”? used telemetric corpus spongiosum penis pres- 
sure monitoring. They reported that the number of full 
erectile episodes decreased significantly 24 days after T10 
standardized lesions, but the level of pressure registered in 
the bulb increased during erection. Johnson and colleagues 
developed rodent models with chronic midthoracic incom- 
plete partial spinal cord injury to assess the effect of 
descending pathways involved in ejaculation.'*"'® Spinal 
ejaculatory pathways are dependent on bilateral pathways 
from the brainstem which modulate pudendal motor reflex 
and pudendal nerve autonomic fiber activities. Sensory 
input from the dorsal nerve of the penis required to trigger 
ejaculation is no longer inhibited from the nPGi after uni- 
lateral incomplete lesion. This inhibition is important in the 
organization of rhythmic contractions of the perineal mus- 
cles during the expulsion phase of ejaculation. Chronic 
incomplete unilateral lesion results in new connections of 
the pudendal reflex inhibitory and pudendal sympathetic 
activation pathways across a midline below the lesion which 
contribute to poor coordination of the perineal muscles 
during the contractions that are mandatory for ejaculation. 
The new connections in the thoracic spinal cord may be due 
to reorganization of the segmental autonomic circuits. The 
requirement for very high intensity stimulation during 
penile vibratory stimulation in SCI men can be related to 
these modifications. Several clinical observations in the SCI 
population are in accordance with modifications observed 
in animals after high-level spinal cord injury with a loss of 
central synaptic efficacy of penile afferents: the inability of 
SCI patients to induce ejaculation during intercourse, and 
the high level of vibratory stimulation parameters used to 
obtain ejaculation which are beyond the intensity required 
for normal sensation in the able-bodied population.'” 


The particular case of 
autonomic dysreflexia 


After SCI, large increases in arterial blood pressure can 
develop after the spinal shock phase in response to sensory 
input entering the spinal cord below the lesion. This acute 
hyperpertension is a part of SCI complications termed 


autonomic dysreflexia (AD). AD has been reported in 
50-90% of patients with tetraplegia or high-level paraple- 
gia.'*!° Severe AD may result clinically in headaches, 
seizures, strokes, and even death. Blood pressure is normally 
under supraspinal control of sympathetic neurons, and a 
spinal cord lesion can result in the disappearance of 
supraspinal inhibitory control. AD occurs mainly if the 
injury is rostral to T6, because in this case the extensive 
abdominal circulation is under uninhibited spinal reflexes. 
Both noxious and non-noxious stimulation below the level 
of the lesion can induce AD. Ejaculation and penile vibra- 
tory stimulation are frequently responsible for AD and elec- 
trocardiographic anormalities, sometimes with severe 
consequences,’ hence the need for preventive treatment 
during these procedures.””*? Rodent models of spinal cord 
lesions at the T2—4 level developed AD after bladder or 
colonic irritation, and this response increased with time after 
the lesion.**”> Within the dorsal horn after SCI the arbors of 
calcitonin gene-related peptide (CGRP)-immunoreactive, 
small-diameter, primary afferent neurons enlarge signifi- 
cantly,” and the extent of this immunoreactivity correlates 
with the magnitude of AD.” This modification of afferent 
arbors seems to be dependent on nerve growth factor 
(NGF) action.” Furthermore, treatment with high-affinity 
NGF antibody of trk A-IgG fusion protein delivered 
intraspinally can limit the development of afferent sprout- 
ing and the magnitude of AD.’ All these elements 
strongly suggested an ongoing process after SCI leading via 
neuroplasticity. Such a process has been extensively 
described for the pathophysiology of neurogenic detrusor 
overactivity after SCI involving afferent property modifica- 
tions in relation to neurotrophic factors. Such modifica- 
tions involve perineal afferents which may play a role either 
in bladder function or in sexual function. For example, after 
SCI the micturition reflex switches back to a spinal reflex 
after the spinal shock phase. In neonates, such a reflex can 
be triggered by perineal afferent stimulation. This reflex 
reappears several weeks after SCI in rats and is used by 
patients who void using cutaneous stimulation to induce 
bladder contraction and micturition.>*°*! The same per- 
ineal afferents can be stimulated electrically to modulate 
detrusor reflux contraction.*!*? In another words, the same 
afferent pathway in both SCI animals and humans can 
trigger various behaviors, and spinal lesions can strongly 
modify those actions. 


Summary 


Spinal cord lesions dramatically modify sexual behavior in 
animals and humans. Few studies have addressed the 
dynamic process of reorganization within the spinal cord of 
pathways and centers involved in sexual function. Some 
recent reports suggest an ongoing process of reorganization, 
which can be correlated with difficulty in inducing ejaculation 
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via stimulation of perineal afferents, and with the develop- 
ment of AD after SCI. 
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Sexual dysfunction in patients with multiple 
sclerosis and other neurologic diseases 


Dirk De Ridder 


Introduction 


Neurologic diseases such as multiple sclerosis (MS) have a 
serious impact on the patient’s personal, professional, 
and social life. While many physicians and caregivers 
might focus on the treatment of the neurologic disease or 
its symptoms, patients themselves and their partner are con- 
fronted with an uninvited third partner in their relationship. 
MS will have an important impact on their relationship, 
their sexuality, and their sexual function, an impact that is 
often neglected by caregivers. Limiting the investigation 
and treatment of sexual dysfunction to the mechanics of 
sex is not always an answer to the real underlying anxiety. 
Addressing the psychologic needs is at least as important. 

Interference with normal neurologic processes for sexu- 
ality and sexual function can happen at several neuro- 
anatomic sites (Table 75.1). This ‘primary interference 
directly affects sexual functioning: erectile dysfunction, 
vaginal lubrification, libido, ejaculation, and orgasm. For a 
detailed reading on the neurology of sexual function and 
dysfunction we refer to other authors.’ 

At the secondary level, consequences of the neurologic 
disease that interfere with sexuality are described: fatigue, 
spasticity, urinary and/or fecal incontinence, cognitive 
dysfunction, side effects of medication, depression, etc. 

At the tertiary level the social and relational consequences 
are situated: the role of sexual partner versus caregiver, social 
isolation, sexual isolation, changing expectations. 


MS and sexuality 


Primary sexual dysfunction 


The prevalence of sexual dysfunction (SD) is high in MS. 
MS affects people at a young age, when their sexual rela- 
tionship is still quite young and their family planning is 
not always completed. In a minority of patients, sexual 


Neuroanatomic sites of sexual functioning and 
sexual response (adapted from Rees PM et alt) 
Libido and orgasm 


Brainstem, midbrain, 
cortex, pudendal nerve 


Attention Reticular system 

Affection Limbic system 

Voluntary movement Motor cortex 

Cognition, emotion Frontal and temporal 
cortex 

Perception, sensory awareness Parietal cortex 


Reflex erection/lubrification Sacral innervation $2—S4 


Psychogenic erection/ Spinal cord T11—L2 
lubrification 

Ejaculation Spinal cord L1-L3 

Detumescence Sympathetic control 


dysfunction even precedes the diagnosis of MS or is 
present at the time of the diagnosis, indicating that the 
presence of SD might help to define the diagnosis of MS. 

Once MS has been diagnosed nearly 60% of men and 
25% of women will have a less active sex life than before, 
while 87% of men and 66% of women find sexual issues to 
be very important. However, less than 10% of patients will 
discuss sexuality with their physician, which means that an 
active attitude must be adopted by the neurologist, urolo- 
gist, and rehabilitation specialists to incorporate sexuality 
in the routine workup of these patients. 

Zorzon et al showed that patients with MS (PwMS) 
reported sexual dysfunction in 73.1% of cases, compared to 
39.2% of patients with chronic rheumatic diseases and 12.7% 
of healthy controls. Male patients reported sexual dysfunction 
more frequently than females. Anorgasmia and hyporgasmia 
(37-52%), decreased vaginal lubrification (35.7-55%), 
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and reduced libido (31-63%) are most prevalent in women. 
Men complained of erectile dysfunction (63.2-72%), ejacu- 
latory and orgasmic dysfunction (50-53%), and reduced 
libido (39-63%).>° The sexual dysfunction correlated with 
bladder dysfunction and with destructive lesions at the pon- 
tine level, when investigated with MRI.’ The extent of sexual 
dysfunction in women correlated with high sensory thresh- 
olds at the clitoral level, but not with tibial or pudendal 
evoked potentials.’ Patients with relapsing-remitting MS 
seemed to be less affected than those with primary or 
secondary progressive disease. Over the course of time, the 
number of primary SD symptoms and their severity 
increased. Relapses had little impact on this process, and the 
progression of the SD symptomatology correlated with the 
eventual worsening of bladder control.'°" 


Secondary sexual dysfunction 


Of the secondary factors fatigue was reported as the most 
important one (up to 40%), followed by muscle weakness, 
spasticity, dysesthesia, pain, or concerns about urinary and 
fecal continence. Fatigue was more frequently reported by 
women than by men. 

Several authors have found significant correlations 
between interfering secondary symptoms and sexual dys- 
function (Table 75.2).°!? Comparison of the studies is dif- 
ficult since the definition of sexual dysfunction may vary 
from author to author. Some authors use the presence of 
one or more symptoms to define SD, while others use a val- 
idated questionnaire with several subscores for primary, 
secondary, and tertiary SD.” All authors agree that gender, 
fatigue, disease course, cognitive problems, and sphincter 
and bladder problems interfere considerably with sexuality. 
Conflicting data are found on the duration of the disease. 
Some gender differences may also exist. Men seem to be 
less bothered by some of these secondary factors than 
women. However, the number of men was invariably lower 
than the number of women in all studies, making these 
findings less robust. The degree of disability might also 
play a role: in severely disabled women with MS bowel dys- 
function was a significant factor, while this was not the case 
in less disabled women." Patients with advanced disease 
have been less investigated, but even in this group sexuality 
seems to be of major concern. 


Tertiary sexual dysfunction 


Tertiary aspects of sexual dysfunction are very important to 
the patient and his or her partner and family. These psycho- 
logical, emotional, social, and cultural aspects may induce 
negative changes in self-image, self-esteem, mood, and body 
image, as well as depression, anxiety, and sexual aversion. 


Significant correlations between sexual 


dysfunction and secondary influencing factors according 
to several authors. 


All MS patients Women Men 
Gender + ++ 
Age a 0 +f 
Age at onset of disease + + +f 
Duration of disease 2 2 ? 
Primary of secondary a + dp 
progressive MS 
EDSS ae aF 0 
Dependency 4p $ 0 
Sphincter dysfunction de 4p 0 
Bladder dysfunction + + 0 
Bowel dysfunction 0 0 0 
Fatigue aF + + 
Cognition + + 0 


+, Positive correlation; 0, no correlation; ?, conflicting data. 


The influence of emotional aspects of MS affects sexual- 
ity in correlation with depression and anxiety scores. This 
influence also correlates with a lower level of education 
and even unemployement.®!? Being married is associated 
with complaining of more symptoms of sexual dysfunc- 
tion. This may reflect a higher number of coital attempts in 
stable relationships than in single or divorced patients. 
Besides these, medical treatments of these psychologic con- 
sequences by antidepressants and anxiolytic agents might 
interfere with sexual function as well. The prevalence of 
sexual disorders in women taking antidepressants varies 
from 22 to 58%, with higher rates for selective serotonin- 
reuptake inhibitors and lower rates for bupropion. In most 
cases, the antidepressant cannot be stopped just for sexual 
dysfunction and drug holidays are not recommended 
either, because of the risk of withdrawal symptoms and less 
compliance." 


Practical approach to sexual 
dysfunction in MS 


Assessment of sexual functions and sexuality should be 
part of the normal routine in the neurologic, urologic, 
gynaecologic, and rehabilitation approach to people with 
MS. While restoring the mechanics of the sexual function 
might be rather successful in some patients, secondary and 
tertiary factors may not be overlooked because of their 
huge impact on the quality of life. If needed, referral to 
professional counsellors, psychiatrists, psychologists, or sex 
therapists must be organized. The multilevel assessment of 
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sexual dysfunction can easily be done in an open interview 
or by using the validated Multiple Sclerosis Intimacy and 
Sexuality Questionnaire (MSISQ-19).'° Other specific 
questionnaires can be used for the assessment of erectile 
dysfunction or female sexual dysfunction as well. The diag- 
nosis of MS does not preclude other etiologies of SD to be 
present as well: hypercholesterolemia, diabetes mellitus, 
cardiovascular disease, etc., must be investigated, as guided 
by the clinical need. 

In men, the minimal investigation should consist of a 
medical and psychosexual history which can identify com- 
mon causes of SD (other than MS) and reversible risk fac- 
tors (e.g. smoking). The clinical examination should focus 
on eventual penile deformities, prostatic disease (men over 
50), signs of hypogonadism, and the neurologic status. 
Moreover, a blood pressure measurement should be per- 
formed. Eventually laboratory tests such as a glucose-lipid 
profile and testosterone measurements can complete the 
assessment. Specialized tests such as nocturnal penile 
tumescence and rigidity measurements, vascular studies, 
electrophysiologic tests, endocrinology studies, and spe- 
cialized psychodiagnostic testing are not routinely used, 
but should be reserved for special indications.'* Problems 
at the secondary and tertiary level must be addressed as 
well. For the treatment of erectile dysfunction we refer to 
the following chapter. 

In women, history-taking should focus on several issues: 
decrease in libido, impaired arousal, orgasmic dysfunction, 
pain from attempted or completed intercourse, difficulty 
with vaginal entry (due to fear, avoidance of muscle spas- 
ticity) and the awareness of vaginal lubrification. Fatigue as 
a cause for SD must be asked for specifically, while other 
secondary and tertiary problems are assessed. Physical 
examination can be very useful to asses the sensory func- 
tion, reflexes, and muscle tone of the pelvic region, while it 
also offers gynecologic information (e.g. vaginal infection, 
postmenopausal changes, prolapse). Additional laboratory 
testing can be useful if urinary or vaginal infections are 
suspected. Hormonal testing for estrogen and testosterone 
levels can be useful in perimenopausal women or in 
women where estrogen or testosterone therapy is being 
proposed to treat libido and arousal disorders.!”!* The 
treatment of female sexual dysfunction needs further 
study. Sildenafil citrate was proven to have only a marginal 
effect on vaginal lubrification and not to have an effect on 
orgasm.” Treatment of orgasmic disorders in both men and 
women is disappointing.” Increasing the sensory stimula- 
tion at the genitals by vibratory stimulation can be tried. 

Besides the treatment of the physical features of SD in MS, 
strategies to cope with the secondary SD can be developed. 
For example, changing the time when a couple usually wants 
to have intercourse from evening to the morning can limit 
the effect of fatigue considerably. Adequate treatment of uri- 
nary and fecal incontinence can reduce the fear of leaking 


during sexual activities. Finding physical positions to allow 
painless and comfortable sex can be taught through specific 
tips, books or even videos. The development of these coping 
strategies and the improvement of the communication 
within the couple can be guided by a counsellor or special- 
ized therapist, provided that the physician who detects the 
primary sexual dysfunction is open to collaboration with 
other specialists and is able and willing to discuss secondary 
and tertiary SD. Sexual rehabilitation in MS has not yet been 
studied properly, but initial reports are encouraging.”°”! 

It is clear that the treatment of sexual dysfunction in MS 
must be multimodal, taking into account the impact of the 
disease on different levels. To achieve this a team approach 
will be necessary in many cases. 


Other neurologic diseases 


As in MS, other neurologic diseases will be accompanied by 
sexual dysfunction at different levels. Progressive diseases 
such as Parkinson’s disease and multiple system atrophy 
will yield a different symptomatology to nonprogressive 
stabilizing disorders such as craniocerebral trauma, spinal 
cord injury, cauda equina syndrome. The age at which 
some of these diseases occur will also dictate the eventual 
comorbidities such as diabetes, cardiovascular disease, and 
cognitive deterioration. 


Morbus Parkinson 


Parkinson patients are likely to suffer from sexual dysfunc- 
tion in 35—-87.5% of cases.”*”> Especially in young-onset 
Parkinsonism this might lead to a serious impact on the 
quality of life.” The presence of depression (and its treat- 
ment) and unemployment are known risk factors. Patients 
taking dopaminergic drugs can develop compulsive sexual 
behavior.” 

Patients with atypic Parkinsonism might suffer from 
multiple system atrophy (MSA). In these patients sexual 
dysfunction usually precedes the neurologic symptoms by 
a few years. While phosphodiesterase-5 inhibitors can suc- 
cessfully be used in Parkinson patients, care should be 
taken in MSA patients where these drugs might induce 
severe arterial hypotension.’ 


Stroke 


Sexual dysfunction after stroke is very common. Often pre- 
existing cardiovascular disease will have caused erectile 
dysfunction even before the stroke occurred. Interfering 
factors such as depression, impaired mobility, and the use 
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of antihypertensive drugs must be taken into account. 
Depending on the site and the extent of the stroke, variable 
changes in sexual function can be seen. Spontaneous 
recovery of erectile function has been described, but sexual 
satisfaction does not seem to be correlated with a success- 
ful recovery of other functions.* 


Epilepsy 

Most people with epilepsy maintain normal reproductive 
and sexual lives. Some women develop problems with 
libido, arousal, and orgasm. Men with epilepsy are at risk 
for decreased libido and erectile dysfunction. Increased sex 
hormone-binding globulin levels and lower bioactive 
testosterone levels, particularly in association with the use 
of enzyme-inducing antiepileptic drugs, such as phenytoin 
and carbamazepine, are at the base of these problems.” 
The experience with enzyme-neutral drugs such as 
gabapentin and lamotigine is limited. Psychosocial factors, 
anxiety and stigma associated with epilepsy, can also affect 
the sexual life of patients with epilepsy. 
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Treatment modalities for erectile dysfunction in 


neurologic patients 


Reinier-Jacques Opsomer 


Introduction 


Sexual dysfunction is no longer a taboo subject, but is now 
clearly recognized as a potential medical disorder. The term 
‘impotence’ has become obsolete, not only because of its 
pejorative connotations but also because of its oversimpli- 
fication of the complexity of the male sexual function and 
dysfunctions. Indeed, it makes no distinction between 
libido, erectile, ejaculatory, and orgasmic disorders.! 

This chapter focuses on the therapeutic modalities of 
erectile dysfunction (ED), a medical problem that affects a 
large number of men and so deserves the careful attention 
of both general practitioners and specialists. The first pre- 
cise figures for the prevalence of ED were compiled by 
Feldman and coworkers in the Massachusetts Male Aging 
Study.’ They estimated the prevalence of complete ED to be 
approximately 5% among 40 to 50-year old men, 10% of 
those in their 60s, 15% of those in their 70s, and more than 
30% of those in their 80s.” Extensive epidemiologic studies 
have recently been undertaken all over the world confirm- 
ing and extending the results of the Boston study. Porst and 
Sharlip summarized these epidemiologic studies in the 
recently published report of the Standards Committee of 
the International Society for Sexual Medicine.’ 

The therapeutic approach to ED has evolved dramati- 
cally over the last decade thanks to the improvement of our 
understanding of the physiology of erection and the devel- 
opment of effective drugs that can be taken ‘on demand’ 
before sexual intercourse. The best results in the treatment 
of ED have been observed when the problem is viewed 
from the perspective of the couple with a multidisciplinary 
approach. 

ED in the neurologic population is a frequent condition, 
sometimes being the first symptom of the underlying 
disorder leading to the definitive diagnosis (e.g., multiple 
sclerosis and multiple system atrophy).* Most neurologic 
patients may benefit from a symptomatic (pharmacologic 
or nonpharmacologic) therapy for ED, adapted to their 
physical condition and combined with sexual counseling. 


The pathophysiology of 
erectile function 


Penile erection is a vascular event controlled by the auto- 
nomic and the somatic nervous systems. Neuroendocrine 
messages from the brain activate the autonomic nuclei in 
the spinal cord.' These result in: 


1. dilatation of the cavernosal and helicine arteries, which 
significantly increases the blood flow to the penis 

2. relaxation of the cavernosal smooth-muscle fibers, 
which opens the vascular lacunar spaces 

3. expansion and filling of the lacunar spaces, which leads 
to the tumescence and consequently the rigidity of the 
penis. 


In the healthy man, sexual stimulation triggers the release 
of nitric oxide (NO), which is produced by the endothelial 
cells and the nonadrenergic noncholinergic (NANC) nerve 
terminals. NO stimulates the enzyme guanylate cyclase in 
the cavernosal smooth muscle fiber leading to the produc- 
tion of cyclic guanosine monophosphate (cGMP), which, 
in turn, mediates intracellular signal transduction. Conse- 
quently, corporeal smooth muscle fibers relax, allowing the 
opening of the lacunar spaces? (Figure 76.1). 

ED is defined as the persistent inability of a man to 
achieve and/or to maintain an erection sufficient to enable 
sexual performance that is satisfactory to both partners. 
From a ‘cartesian’ point of view, a subdivision of the causes 
of ED into organic and psychogenic etiologies is convenient 
but simplistic, since most patients present a mixed etiology. 
Table 76.1 lists the different etiologies of ED of organic ori- 
gin. Patients with a primary ‘mechanical-organic’ problem 
will sooner or later develop performance anxiety. Arterial 
risk factors such as diabetes mellitus, hypertension, hyperc- 
holesterolemia, and smoking contribute to the develop- 
ment of ED. The Cologne study showed that 20% of ED 
patients suffer from diabetes mellitus, 30% from hyperten- 
sion, and 30% are current smokers.° Other factors may also 
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Figure 76.1 

Physiology of erection at the level of the cavernosal smooth 
muscle fiber, nitric oxide (NO) produced by endothelial cells and 
nonadrenergic noncholinergic nerve fibers activates the 
production of cGMP. Phosphodiesterases (PDE-5) will convert 
cGMP into GMP. 


interfere with sexual function, such as depression, drugs, 
obesity, and lack of regular exercise.”* Patients with an overt 
neurologic pathology often suffer from a sexual dysfunc- 
tion: in some situations, ED is directly related to the neuro- 
logic deficit, as is the case with traumatic spinal cord 
disorders, but in others the relationship is unclear or 
dubious, as is the case with epilepsy and depression. 

A full history and a thorough physical examination are 
mandatory to determine the cause of ED. Physical exami- 
nation consists of an assessment of the external genitalia 
and the lower extremity pulses and a digital rectal exami- 
nation of the prostatic gland in patients over 50 years old. 
Neurologic examination includes evaluation of the tonus 
of the anal sphincter and the voluntary control over the 
pelvic floor. The genital reflexes (bulbocavernosus reflex 
and anal reflex) and the lower limb reflexes (Achilles reflex 
and Babinski’s sign) will be tested. When hormonal evalu- 
ation is indicated, the laboratory tests should be performed 
in the morning (between 7 and 9 o’clock).!” 

Theoretically, the persistence of spontaneous rigid noc- 
turnal and/or morning erections will help to differentiate 
organic from psychogenic ED: a patient complaining of ED 
during intercourse but who has spontaneous nocturnal or 
morning rigid erections may be assumed to be suffering 
from psychogenic ED. However, the possibility of ‘false 
positive’ and ‘false negative’ observations has to be kept in 
mind, especially in neurologic patients: for example, most 
multiple sclerosis (MS) patients complain of ED even 
though they regularly have spontaneous and involuntary 
rigid nocturnal erections.” Furthermore, patients with a 
spinal cord injury frequently have spontaneous reflex erec- 
tions during nursing care but develop short-lasting, non- 
rigid erections during sexual intercourse. 


Etiologies of organic ED 


e Vascular 
arteriogenic 
venous 
combined arteriogenic + venous 
e Neurogenic 
e Endocrine 
e Congenital 
e Jatrogenic 
drugs 
radical surgery for cancer 


In the general population, the cornerstone of the evalu- 
ation of ED is the duplex Doppler sonogram combined 
with an intracavernous injection of a vasoactive agent 
(prostaglandin E-1, PGE 1). The test has not only diagnos- 
tic but also therapeutic value as the patient is given an 
intracavernosal injection of a small dose of PGE-1, a drug 
that is regularly proposed as a treatment, after adaptation 
of the dosage, to achieve a full erection. A duplex Doppler 
sonogram evaluates the arterial inflow (measurement of 
the systolic peaks), the venous outflow (measurement of 
the telediastolic flows), and the resistive indexes of the cor- 
pora cavernosa. Classic neurologic tests (somatosensory 
and motor evoked potentials and sacral reflexes) explore 
the somatic nervous system.'®!! The integrity of the geni- 
tourinary autonomic nervous system will be ‘approached’ 
by testing the cardiovascular reflexes and by sympathetic 
skin responses.'” 

ED also has to be evaluated from the perspective of the 
couple. In our institution, a multidisciplinary center 
(Centre de Pathologie Sexuelle Masculine, CPSM) including 
urologists, gynecologists, endocrinologists, sexologists, and 
psychiatrists was created in 1997. The objective is to assess 
the different aspects of the sexual function (libido, 
erection, ejaculation, orgasm) from a multidisciplinary 
perspective by taking into account the organic, the psycho- 
logic, and the relational aspects of the sexual problem of 
the subject and his partner. 


Treatment modalities of ED 


Patients with an obvious psychogenic or relational prob- 
lem will be referred to a sexologist (psychiatrist). In most 
cases, however, ED is mixed or multifactorial in origin, and 
so the urologist will frequently be consulted. In neurologic 
patients, only symptomatic (nonetiologic) therapeutic 
modalities will be proposed. The treatment of ED is strati- 
fied into 5 levels (Table 76.2). It should be emphasized that 
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Algorithm for the treatment of ED 


1. Oral treatment: inhibitors of type 5-phosphodiesterase 
sildenafil 
tadalafil 
vardenafil 


Intraurethral injections 
Intracavernous injections 


Vacuum devices 


eas OS 


Penile prostheses: 
malleable 
inflatable 


in sexology, unlike other medical specialties, the treatment 
is selected by the patient himself, preferably in agreement 
with his partner, after having been informed by the clini- 
cian of the different treatment options appropriate for his 
situation and physical condition. 

The first level of therapy consists of prescribing an oral 
treatment: phosphodiesterase 5 (PDE-5) inhibitors consti- 
tute the first choice. Patients who do not respond to oral 
pharmacotherapy and those for whom PDE-5 inhibitors 
are contraindicated may be candidates for intraurethral or 
intracavernosal injections of a vasoactive drug, such as 
PGE-1. The efficacy of intracavernosal injections is high, 
but the invasiveness of the procedure is certainly a disad- 
vantage. The fourth-line treatment option is a vacuum 
device while the fifth modality is a penile prosthesis 
implanted surgically. 


Oral pharmacologic agents 


The concept of taking a pill before engaging in sexual inter- 
course has been popularized with the development of the 
first PDE-5 inhibitor. The arrival of the ‘blue pill’ (silde- 
nafil citrate) on the market in 1998 launched a revolution 
in the minds of both doctors and patients alike and was a 
breakthrough in the treatment of ED. While sildenafil was 
being tested in cardiac patients, fortuitously, it was found 
that it had a positive effect on erection. Twenty years of 
intensive research on sildenafil led to the recognition of 
multiple indications for this drug, not only for ED but also 
for premature ejaculation, lower urinary tract symptoms, 
pulmonary hypertension, and other conditions.’* Two 
other PDE-5 inhibitors have been available since March 
2003: tadalafil and vardenafil. PDE-5 inhibitors are potent 
and selective inhibitors of the cGMP-specific PDE-5, which 
is responsible for the degradation of cGMP into GMP in 
the corpus cavernosum (Figure 76.2). PDE-5 inhibitors 
improve penile rigidity by local control mechanisms, but 
do not act on the central nervous system. 


~ Guanylate 
cyclase 


PDE 


Figure 76.2 
Mechanism of action of PDE-5 inhibitors. These inhibit the PDE-5 
enzyme responsible for the degradation of cGMP into GMP. 


Sildenafil is available in three dosages: 25, 50, and 100 mg. 
The medication has to be taken 30 minutes before antici- 
pated intercourse. The half-life of the drug ranges from 3 to 
5 hours. It should not be taken during a heavy meal, as this 
may delay the time of onset of efficacy.*'4 The period of 
responsiveness is approximately 8 hours. 


Vardenafil is available in 3 dosages: 5, 10, and 20 mg. 
Like sildenafil, its half-life is about 4 to 5 hours. Interaction 
with food is minimal. As with sildenafil, the period of 
responsiveness is approximately 8 hours. 


Tadalafil is available in 2 dosages: 10 and 20 mg. It has a 
half-life of 17.5 hours, which clearly distinguishes it from 
sildenafil and vardenafil. Consequently, the period of 
responsiveness with tadalafil is significantly longer than 
with the two other PDE-5 inhibitors: it extends to at least 
24 hours and in certain cases up to 36 hours.” It offers effi- 
cacy without planning and thus reduces dependency on a 
pill. The advantage of the long half-life is that the patient 
may engage in sexual activity more than once after a single 
dose. Furthermore, there is no interaction between 
tadalafil and food intake.'*!® These two characteristics of 
the drug may be expected to contribute to more spontane- 
ity during sexual activity. On the other hand, the long half- 
life of tadalafil has to be taken into account in elderly and 
cardiac patients: indeed, the general practitioner and the 
ICU specialist should be aware that, in patients with car- 
diovascular problems, NO donors and nitrates will be con- 
traindicated for a longer period after intake of tadalafil 
than with the other PDE-5 inhibitors. 

The side-effects of the three PDE-5 inhibitors are mild 
and transient. They include flushing, nasal congestion, 
headache, and visual disturbances (at higher dosages). 
These medications, as usual, are contraindicated for sub- 
jects for whom sexual intercourse is not recommended for 
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cardiac reasons (recent myocardial infarction, unstable 
angina) and for patients taking nitrates or NO donors. 

PDE-5 inhibitors are effective in approximately 80% of 
patients, being effective for ED of psychogenic, organic, 
and/or mixed etiologies. They are usually less effective in 
peripheral neuropathies such as diabetes mellitus and after 
radical pelvic surgery for cancer (radical prostatectomy, 
cystectomy, or rectal surgery). However, after nerve- 
sparing radical prostatectomy, PDE-5 inhibitors are show- 
ing some encouraging results. In a large multicenter study 
undertaken with ED patients after nerve-sparing radical 
prostatectomy, the best responses were observed in patients 
who had undergone a bilateral nerve-sparing procedure 
and in the younger group.'* PDE-5 inhibitors have been 
tested in spinal cord injured patients. The presence of an 
upper motor neuron lesion was significantly associated 
with therapeutic success, while lower motor neuron lesions 
and cauda equina patients were poor responders.!” 


Other oral drugs used but not approved for ED 
Trazodone, which is approved for the treatment of depression, 
facilitates relaxation of the cavernous smooth muscle fibers. 
The success rates of trazodone in placebo-controlled trials 
were up to 67% vs 39% for the placebo. The indication of tra- 
zodone appears to be psychogenic ED and concomitant 
depression. However, cases of prolonged erections associated 
with trazodone therapy have been reported.'* Trazodone will 
therefore be prescribed with caution. 

The following drugs have been tested with some “‘subjec- 
tive results’: L-arginine, Ginkgo biloba extract, and Korean 
red ginseng.” 


Intraurethral (transurethral) 
therapy 


The vasoactive drug alprostadil is delivered as a pellet into 
the urethra by means of a specific polypropylene applica- 
tor. The pellet dissolves in the urethra, and the drug is then 
assumed to reach the corpus cavernosum by diffusion 
through the tissues. This drug is not available in several 
countries in Europe. An extensive review of the results in 
terms of clinical efficacy and safety with intraurethral 
therapy has been presented by Padma-Nathan et al.”° 


Intracavernosal injection 
therapy (IC injections) 


Erection can be obtained pharmacologically by injecting a 
vasoactive drug directly into the corpora cavernosa. Several 
drugs have been tested such as papaverin, phentolamine, 
phenoxybenzamine, PGE-1, and a combination of several 


Figure 76.3 

Intracavernosal injection of a vasoactive drug: principle of the 
method. The medication has to be injected into the lateral 
aspect of one of the two corpora cavernosa. Injections will be 
performed alternatively into the right or the left corpus 
cavernosum to avoid local fibrosis. 


components. The compound is injected 5 to 10 minutes 
before sexual intercourse, the patient having been instructed 
by the urologist or his team on how to perform self- 
injections (Figure 76.3). When the patient is reluctant to 
inject himself (or unable to do so), the partner may be ini- 
tiated to the technique. In our department, the patient who 
is a candidate for intracavernosal therapy is first adminis- 
tered a duplex Doppler sonogram with an intracavernous 
injection of a standard 3 ug dose of PGE-1. The test has 
both a diagnostic (vascular evaluation) and a therapeutic 
value (clinical responsiveness to the drug). IC injections 
are recommended for patients who do not respond to oral 
treatment or who may not benefit from PDE-5 inhibitors. 
The patient is enrolled in an injection training program: 
increasing dosages of PGE-1 are injected in the clinic (once 
a week); the nurse injects the first two doses, then the 
patient performs the next injection under supervision. 
Once he is able to inject himself, the final titration is per- 
formed at home. In this way, prolonged erections seldom 
occur. The patient is allowed to perform one or two injec- 
tions/week. In the event of a prolonged erection, the 
patient is instructed to contact the urologist on duty. This 
happens very rarely. Spinal cord injured patients, especially 
those with thoracic and cervical lesions, are at risk of pro- 
longed erections and should be given only small dosages of 
IC injections.’ ” 

In our institution, when a patient is admitted for a pro- 
longed erection, initial treatment consists of a simple 
puncture of the corpora cavernosa to aspirate a small vol- 
ume of blood in order to decompress the corpora. If need 
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Figure 76.4 

Malleable (semi-rigid) penile implant (AMS Malleable™ 650) 
(courtesy of American Medical Systems, Inc, Minnetonka, 
Minnesota, USA). 


be, the corpora cavernosa are irrigated using normal saline 
and a diluted solution of phenylephrine or other similar 
c-adrenergic agents under careful cardiovascular monitor- 
ing, especially in patients with a previous history of car- 
diovascular disease.?*?” A surgical procedure (surgical 
shunt) is rarely requested. 


Vacuum constriction devices 


The vacuum constriction device consists of a cylinder, a 
vacuum pump, and a constrictive tension ring. The princi- 
ple behind the vacuum device is to obtain an erection by 
inserting the penis into the cylinder and creating a negative 
pressure in the ‘chamber’. In this way, blood is aspirated 
and collected in the penis and then mechanically blocked 
by the tension ring applied at the base of the penis. The 
device is recommended in elderly patients for whom phar- 
macotherapeutic agents are contraindicated.**”> 


Implantation of penile 
prostheses 


Penile prosthetic implants are an adequate alternative for 
patients who refuse IC injections or a vacuum device and for 


Figure 76.5 

Inflatable penile implant (AMS 700 MS™ Series Penile Prosthesis) 
(courtesy of American Medical Systems, Inc, Minnetonka, 
Minnesota, USA). The implant has been impregnated with a 
combination of rifampicin and minocycline (InhibiZone). 


whom oral drugs are either ineffective or contraindicated. 
Two types of implants are available: malleable and inflatable 
prostheses (Figures 76.4 and 76.5).” The motivation of the 
partner has to be taken into account before deciding on the 
implantation. Montorsi conducted a multicenter study 
assessing the long-term reliability of three-piece AMS pros- 
theses: at a mean follow-up of 59 months, 92.5% of the 
patients were still engaging in sexual intercourse with a 
mean frequency of 1.7 times weekly. Patient and partner 
satisfaction rates reached 98% and 83%, respectively.”° 
Postoperative complications are rare and include mechani- 
cal malfunction, corporal cross-over, corporal and urethral 
perforation, infection (in 3 to 5% of the patients), erosion of 
the prosthesis, and glans bowing (supersonic transport 
deformity). Malleable prostheses may also be indicated in 
incontinent patients to facilitate the application and mainte- 
nance of a urine-collecting device.?”* 


Discussion 


Comprehensive studies evaluating the different therapeutic 
modalities of ED in specific neurologic pathologies (dia- 
betes mellitus, MS, and spinal cord injured patients) have 
been published over the last few years.’?-*! All of these 
authors concluded that PDE-5 inhibitors have revolution- 
ized the treatment of ED by introducing an effective 
noninvasive approach to the management of this “difficult- 
to-treat condition’ in disabled patients.” Basu and Ryder, 
in an extensive review paper, evaluated the effectiveness of 
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the different treatments of ED in diabetic patients.” 
Ramos and Samso detailed the specific aspects of ED in 
spinal cord injury patients from two rehabilitation centers 
in Spain.*° 

Landtblom*! published a very elegant contribution in 
2006 entitled “Treatment of erectile dysfunction in multiple 
sclerosis’; the author not only reviewed the pharmacologic 
and psychologic therapeutic options to be recommended 
in MS patients, but also raised a series of fundamental 
questions on the ethical and socioeconomic aspects of the 
‘modern therapeutic approach to sexual dysfunction. ED 
in MS patients may be multifactorial: it may be related to 
the neurologic dysfunction, to psychologic factors, to side- 
effects of medication, or to generalized MS symptoms, 
such as fatigue and depression, frequently in combination. 
First-line treatments of ED in MS patients are PDE-5 
inhibitors and IC injections of PGE-1.*! 

Sexual counseling is recommended for all cases in order 
to help the patient and his partner deal with the functional 
and relational aspects of the sexual problem. The efficacy 
of the treatment will be greatly enhanced when the part- 
ner is closely involved in the evaluation of ED and in the 
selection of the adequate therapy. Sexual counseling is 
particularly advisable in paraplegic and tetraplegic 
patients: indeed in these patients, the partner is closely 
involved in the ‘administration of the therapy’ as well as in 
the ‘general’ care. Sexual assistants are available in some 
countries to help paraplegic or tetraplegic patients cope 
with their sexual difficulties. This may raise some ethical 
considerations. 

In most countries, ED is considered to be outside the 
framework of general healthcare and PDE-5 inhibitors are 
not reimbursed. However, in Denmark, ED medication is 
subsidized in specific diagnostic groups, such as patients 
with diabetes mellitus and MS.*! 

Sexuality is one of the basic needs, and should therefore 
be a natural part of healthcare. Sexuality symptoms are as 
equally worthy of treatment as any other complaint.*!*” 


Conclusion 


ED is no longer a ‘hidden disorder’ but is clearly recognized 
as a medical pathology that requires adequate diagnosis 
and investigations. With the development of new thera- 
peutic options, especially oral drugs, general practitioners 
and specialists are encouraged to talk openly with their 
patients about sexual function and dysfunction(s). Oral 
pharmacotherapy is clearly the first-line therapeutic option 
for most patients. The three PDE-5 inhibitors have proven 
to be effective in patients with moderate or severe erectile 
dysfunction. Neurologic patients may benefit from 
these therapies provided both the indications and the 
contraindications have been taken into account. 
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Fertility issues in men with spinal cord injury 


Nancy L Brackett and Emad Ibrahim 


Introduction 


Spinal cord injury (SCI) occurs most often to young men 
at the peak of their reproductive health. In the United 
States, 80% of new injuries occur to men between the ages 
of 16 and 45.' Around the world, similar statistics are 
found.”* The most common causes of SCI are motor vehi- 
cle accidents, violence, sports-related injuries, and falls.” It 
is assumed that more men than women are injured because 
men engage in more risk-taking behavior that leads to 
injury. The actual cause for the disproportionately high 
percent of injured men, however, is unknown. Recent evi- 
dence suggests that sex hormones may play a role in this 
discrepancy, i.e., that estrogen may be neuroprotective 
and/or that testosterone may be neurotoxic after injury.”!° 
Following SCI, fertility is severely impaired in men, but 
not in women. For example, 90% of men with SCI cannot 
father a child via sexual intercourse.'' Women with SCI, 
however, can conceive and deliver children with nearly the 
same success rate as the general population.'? Reproductive 
function is of great importance to men with SCI.'*!4 
Regaining sexual function has been identified as the highest 
priority among individuals with paraplegia.'* Most men 
with SCI require medical assistance to father children due to 
impairments in erection, ejaculation, and semen quality.'° 


Treatments for erectile 
dysfunction 


The same treatments used for treatment of erectile dys- 
function in noninjured men are used for treatment of erec- 
tile dysfunction in men with SCI. Most men with SCI 
respond well to oral administration of phosphodiesterase- 
5 inhibitors (PDE-5 inhibitors), including Viagra (silde- 
nafil citrate), Levitra (vardenafil HCl) and Cialis 
(tadalafil).!°!? Men with SCI who do not respond well to 
oral PDE-5 inhibitors may respond better to medications 
injected into the corpus cavernosum of the penis, such as 
Caverject (alprostadil) or Trimix (a mixture of papaver- 
ine/regitine/prostaglandin E-1, Figure 77.1). Other thera- 
pies for erectile dysfunction include MUSE, or medicated 


Figure 77.1 
Intracavernous injections are effective remedies for erectile 
dysfunction in men with SCI. 


Figure 77.2 
An example of a vacuum erection device, one of the available 
therapies for erectile dysfunction in men with SCI. 


urethral system for erections (which is a pellet of alprostadil 
inserted into the penile urethra), vacuum erection devices 
(Figure 77.2), or a surgically implanted penile prosthesis 
(Figure 77.3). 


896 Textbook of the Neurogenic Bladder 


Figure 77.3 

Penile implants are indicated for erectile dysfunction in some 
men with SCI who are unresponsive to other methods. Risks of 
this therapy include infection and, in nonsensate patients, 
inability to detect erosion of the penile implant through 

the skin. 


Treatments for anejaculation 


The majority of men with SCI are anejaculatory, i.e., 
unable to ejaculate during sexual intercourse.”” Methods 
are available to improve or overcome anejaculation in men 
with SCI. The choice of the method depends on the pur- 
pose of the ejaculation. The primary purposes of ejacula- 
tion in men with SCI are: (1) to retrieve sperm for use in 
assisted reproductive technologies, or (2) for sexual plea- 
sure. Several methods are available to retrieve sperm for 
assisted reproductive technologies, including penile vibra- 
tory stimulation (PVS), electroejaculation (EEJ), surgical 
sperm retrieval, and prostate massage. 


Penile vibratory stimulation 


PVS is usually recommended as the first line of treatment 
for anejaculation in men with SCI.?7!* PVS involves plac- 
ing a vibrator on the dorsum or frenulum of the glans 
penis (Figure 77.4).°? Mechanical stimulation produced by 
the vibrator recruits the ejaculatory reflex to induce ejacu- 
lation.** This method is more effective in men with an 
intact ejaculatory reflex, i.e., men with a level of injury T10 
or above (88% success rate) compared to men with a level 
of injury T11 and below (15% success rate).’°6 

Unlike the methods of EEJ, surgical sperm retrieval, and 
prostate massage, PVS may be performed at home by some 
couples. Couples should first be evaluated in a clinic prior 
to trying PVS at home. The evaluation should include 
assessment for risk of autonomic dysreflexia, assessment 


Figure 77.4 
Penile vibratory stimulation is recommended as the first line 
of treatment for anejaculation in men with SCI. 


for optimal stimulation parameters to induce safe ejacula- 
tion in the given patient, and demonstration that the 
patient and/or his partner can perform the procedure 
properly.” Autonomic dysreflexia is a risk for any method 
of sperm retrieval in patients with a level of injury T6 and 
above.” Briefly, autonomic dysreflexia is a potentially life- 
threatening medical complication that can occur in 
patients injured at or above T6. Autonomic dysreflexia is 
an uninhibited sympathetic reflex response of the nervous 
system to an irritating stimulus below the level of injury. 
Symptoms of autonomic dysreflexia include hypertension, 
bradycardia, sweating, chills, and headache. In some cases, 
autonomic dysreflexia can lead to dangerously high blood 
pressure levels, and this complication can lead to stroke, 
seizure, or even death. Autonomic dysreflexia symptoms 
can be well managed or prevented by oral administration 
of nifedipine.” 

PVS may be attempted using any of a number of com- 
mercially available devices sold over the counter as wand 
massagers. One of the most effective commercially avail- 
able vibrators is the Ferti Care (Multicept, Denmark), engi- 
neered specifically for inducing ejaculation in men with 
SCI (Figure 77.5). The advantage of this vibrator is its abil- 
ity to deliver high-amplitude stimulation i.e., 2.5 mm 
excursions of the vibrating head, at a frequency of 90- 
100 Hz. These stimulus parameters were found to be most 
effective for ejaculatory success in men with SCI.” 

If a patient is unable to ejaculate with a high amplitude 
vibrator, then auxiliary methods may be employed to facili- 
tate ejaculation with PVS, such as application of two vibra- 
tors (Figure 77.6),”? use of abdominal electrical stimulation 
in addition to PVS (Figure 77.7),*° or oral administration of 
Viagra prior to PVS.’ It is advisable to collect sperm via PVS 
because total motile sperm yields are highest with PVS 
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Figure 77.5 
The Ferti Care vibrator, pictured here, was engineered 
specifically for ejaculation of men with SCI. 


Figure 77.7 

PVS, in combination with abdominal electrical stimulation 
using a commercially-available device, has been shown to be 
successful in some men who do not respond to PVS alone. 


Figure 77.6 
Individuals who cannot respond to PVS with one vibrator may 
respond to PVS with two vibrators. 


compared to EEJ, surgical sperm retrieval, or prostate 
massage.” Higher yields of total motile sperm allow for the 
use of a wider range of assisted reproductive technologies.***° 


Electroejaculation 


Individuals who cannot respond to PVS are often referred 
for EFJ (Figure 77.8). EEJ is performed with the patient in 
the lateral decubitus position (Figure 77.9). A probe is 
placed in the rectum, and electrodes on the probe are ori- 
ented anteriorly toward the prostate and seminal vesicles. 


Figure 77.8 
Electroejaculation is a method to retrieve semen when 
PVS fails. 


Current delivered through the probe stimulates nerves that 
lead to emission of semen. 

The method of EEJ was first developed in the 1930s for 
use in veterinary medicine,” and modified in the 1980s for 
use in humans.*”** Prior to the development of the high- 
amplitude vibrator in the mid-1990s, EEJ was the most com- 
mon method of semen retrieval in men with SCI due to its 
higher success rate compared to PVS. Currently, EEJ is rec- 
ommended for those individuals who fail to achieve semen 
retrieval via PVS because, compared to PVS, EEJ is more 
invasive, preferred less by patients, and results in a lower 
yield of total motile sperm in the antegrade fraction.” 
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Figure 77.9 

Electroejaculation must be performed by a specially trained 


physician. Electroejaculation is effective in retrieving semen in 
95% of men with SCI. 


Prostate massage 


Prostate massage has been used to collect semen from men 
with SCI for use in insemination.” The physician inserts a 
gloved finger into the patient’s rectum and massages the sem- 
inal vesicles and prostate. In a recent report, prostatic mas- 
sage was used in 10 patients, resulting in two pregnancies 
(20% pregnancy rate).“ It is not clear when this method is 
indicated in men with SCI. Some practitioners may not have 
PVS or EEJ equipment, and in these cases, prostate massage 
may be useful. The rationale for doing prostate massage is 
that sperm are stored in the ampulla of the vas deferens and, 
in men with SCI, are sequestered in the seminal vesicles as 
well.” The practitioner, therefore, attempts to mechanically 
push the sperm out through the ejaculatory ductal system. 


Surgical sperm retrieval 


Surgical sperm retrieval is a method of retrieving sperm 
from reproductive tissue (Figure 77.10). A variety of tech- 
niques may be used, including testicular sperm extraction 
(TESE), testicular sperm aspiration (TESA), microsurgical 
epididymal sperm aspiration (MESA), percutaneous epi- 
didymal sperm aspiration (PESA), and aspiration of sperm 
from the vas deferens. Unlike the methods discussed 
previously, these methods were not developed to treat 
anejaculation. Instead, these methods were originally devel- 
oped to retrieve sperm from men without SCI who were 
azoospermic, i.e., men who had no sperm in their ejaculate. 

The application of surgical sperm retrieval to men with 
SCI is controversial. A recent survey ” indicates that some 
practitioners are using surgical sperm retrieval as the first 
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Figure 77.10 
Sperm may be surgically removed from men with SCI. Use of 
surgical sperm retrieval in men with SCI is controversial. 


option of treatment for anejaculation in men with SCI. 
The primary reasons given by these practitioners for not 
offering PVS or EFJ were a lack of equipment and/or lack 
of training in these techniques.” It is unclear why practi- 
tioners are not being trained in the techniques of PVS and 
EEJ. One possible reason is that anejaculatory men with 
SCI represent only a small fraction of the male infertile 
population, whereas azoospermic men represent a much 
larger proportion of male infertile patients. Thus, physi- 
cians may possess the necessary equipment for, and 
become adept at, performing the procedures that are 
appropriate for the majority of their client population. 
Ejaculation success rates and pregnancy success rates indi- 
cate that PVS, EEJ, and interuterine insemination (IUI) 
warrant consideration in centers not currently offering 
these options for couples with SCI male partners. 


Semen quality in men with 
spinal cord injury 


With the advent of PVS and EE], data have accumulated on 
semen quality in men with spinal cord injury. The major- 
ity of these men have a distinct semen profile characterized 
by normal total sperm numbers but abnormally low sperm 
motility.” °? Furthermore, the sperm from men with SCI 
are ‘fragile’, i.e., they lose motility and viability faster than 
sperm from noninjured controls.” 


Semen profiles of men with 
SCI are not related to lifestyle 


Historically, there had been no precedent for understand- 
ing the cause of abnormal semen quality in men with SCI. 
Initial investigations tended to focus on lifestyle factors 
such as elevated scrotal temperature from sitting in a 
wheelchair,” infrequency of ejaculation,” methods of blad- 
der management,” and methods of assisted ejaculation’? as 
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Comparison of temperatures between subjects with SCI and control subjects 


Room Oral Scrotal Difference between 
temperature temperature temperature oral and scrotal 
CE) (EG) (°C) temperature (°C) 
Mean + standard error of the mean 
SCI 22.6 +0.23 37.0 +0.06 35.4 + 0.09 1.6 £0.09 
Control 20.2 E08 37.0 + 0.07 3I 7/25 (16) esas 7/ 


Scrotal temperature was not elevated in men with spinal cord injury. Group means were compared by analysis of variance. Adapted from 


Brackett et al.*4 


Comparison of semen quality by method of ejaculation 


Masturbation: PVS: EEJ: 
SCI men SCI men SCI men Controls: 
n=15 n=106 n=90 n=56 
Count / cc x 10° UMA I ae ae Ov ar Bl ES 0E 847 + 6.2 
% Motile sperm DOLAP POLIPA Mps ig 63.6 + 2.5* 


SCI, spinal cord injured; PVS, penile vibratory stimulation; EEJ, electroejaculation *Significantly different from masturbation in SCI men. 
**Significantly different from controls; ***Significantly different from EEJ. Means were compared by analysis of variance. Adapted from Brackett et al.°° 


the cause for low sperm motility. Studies showed that such 
factors could not entirely account for the problem. For 
example, scrotal temperature was similar in injured and 
noninjured men (Table 77.1),** frequent ejaculation did 
not improve low sperm motility, >=? and sperm motil- 
ity remained subnormal despite some improvements by 
the method of bladder management” and of assisted ejac- 
ulation (Table 77.2). 

Semen was obtained by PVS from 90 men with SCI, and 
by EEJ from 106 men with SCI. Parameters of sperm 
obtained by these two methods were compared to sperm 
parameters obtained by masturbation in 56 normal control 
subjects. The results showed that, although sperm motility 
was higher when obtained by PVS versus EEJ, sperm motil- 
ity was significantly lower than that of normal control sub- 
jects. A minority of men with SCI can ejaculate by 
masturbation and 15 such men were recruited as addi- 
tional controls. As is shown in Table 77.2, sperm motility 
obtained by masturbation in men with SCI was signifi- 
cantly lower than that obtained by masturbation in able- 
bodied men, and similar to that obtained by PVS of men 
with SCI. The results of this study indicate that method of 
ejaculation alone cannot account for the pathophysiologic 
condition of low sperm motility in men with SCI. 

With lifestyle factors apparently not the cause of abnor- 
mal sperm parameters in men with SCI, attention then 
turned to secondary physiologic factors as possible mecha- 
nisms for this condition. Again, this line of investigation 
yielded negative results. For example, there was no correlation 


between low sperm motility and level of injury, time 
post-injury, or age of subject.” Low sperm motility was 
also not related to hormone levels% or urinary tract 
infections.” 


Accessory gland function is 
abnormal in men with SCI 


In humans, semen is composed of fluids primarily from 
the seminal vesicles and prostate gland. Examination of 
semen from men with SCI shows numerous abnormalities 
in addition to abnormal sperm parameters. For example, 
27% of men with SCI have brown-colored semen which 
does not become normally colored with repeated ejacula- 
tions.“ The brown color is not simply hematospermia, but 
instead, indicates a dysfunction of the seminal vesicles. 
Additional evidence of seminal vesicle dysfunction is the 
finding that men with SCI show an abnormal pattern of 
transport and storage of sperm in the seminal vesicles.” 

In addition to dysfunction of the seminal vesicles in 
men with SCI, there is also evidence of prostate gland dys- 
function in these men. Prostate-specific antigen (PSA) was 
higher in the blood, but lower in the semen of men with 
SCI compared to healthy, age-matched control subjects 
(Figure 77.11).° This pattern of PSA expression indicates 
a secretory dysfunction of the prostate gland in men 
with SCI. 
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Additional evidence of accessory gland dysfunction in 
men with SCI is found in studies showing abnormal con- 
centrations of various biochemical substances in the semen 
of men with SCI versus compared to able-bodied subjects. 
For example, compared to able-bodied men, men with SCI 
have higher concentrations of platelet-acting factor acetyl- 
hydrolase (PAFah),°° reactive oxygen species,” and 
somatostatin (in patients with lesions at or above T6).”° 
Conversely, the semen of men with SCI has lower levels of 
fructose, albumin, glutamic oxaloacetic transaminase, 
alkaline phosphatase,’! and transforming growth factor 
(TGF)-B1 compared to the semen of able-bodied men.” 


Seminal plasma from men 
with SCI is toxic 


Evidence of abnormal accessory gland function in men with 
SCI led to studies investigating the role of the seminal 
plasma as a contributing factor to the abnormal sperm 
parameters found in these men. The studies showed that the 
seminal plasma of men with SCI is toxic to normal sperm. 
For example, when seminal plasma of men with SCI was 
mixed with sperm from normospermic men, a rapid and 
profound impairment to normal sperm motility occurred 
(Figure 77.12).”* Furthermore, sperm unexposed to the 
seminal plasma (i.e., aspirated from the vas deferens) had 
significantly higher motility than sperm in the ejaculate of 
these men (Figure 77.13).”* These findings introduced the 
concept of an abnormal seminal plasma environment as a 
cause of impaired sperm motility in men with SCI. 


Men with SCI have 
leukocytospermia 


One of the most pronounced abnormalities in men with 
SCI is leukocytospermia, which is an abnormally high con- 
centration of white blood cells in the semen (Figure 
77.14).’>-77 Leukocytospermia has been studied in non-SCI 
men, especially with respect to its relationship with geni- 
tourinary tract infections and infertility.” These studies 
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Figure 77.12 

Seminal plasma (SP) from men with SCI inhibited sperm motility 
of nonSCI men, indicating that seminal plasma contributes to 
low sperm motility in men with SCI. Adapted from 

Brackett et al.” 


have established that cellular elements, in general, may be 
related to abnormal sperm parameters,’**! but the sperm- 
leukocyte interaction is not clearly understood.*”* Low 
sperm motility in men with SCI does not seem to be caused 
simply by local infection of the genitourinary tract. In 
these men, treatment of genitourinary infections with 
antibiotics does not result in improved sperm motility.*° 
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Figure 77.13 

In each of 12 men with SCI, sperm motility was 2-13 times 
higher when obtained from the vas deferens than from the 
ejaculate. The net result was that mean sperm motility was 
significantly higher when obtained from the vas deferens versus 
the ejaculate (two bars on the right side of the graph). In 
contrast, in control subjects there was little difference in sperm 
motility between the two sites (two bars on left side of graph). 
This study provided definitive evidence that seminal plasma is a 
major contributor to low sperm motility in men with spinal cord 
injury.” The individual data clearly showed that in each SCI 
subject, sperm motility was much higher in the vas deferens 
than in the ejaculate. Although the vas aspirated sperm from 
these men generally had lower motility than that of controls, 
suggesting that some epididymal or testicular factor may also 
have a role in decreasing sperm motility, the major decrease in 
motility was obviously due to contact with the seminal plasma. 
These results represented a major step toward understanding 
the source of poor sperm motility in men with spinal cord injury. 
Adapted from Brackett et al.” 
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Men with SCI have immune 
abnormalities 


There is ample experimental evidence that individuals with 
SCI suffer from immune regulatory dysfunction.* 
Typically, their circulating lymphocytes demonstrate sup- 
pressed responses to challenges that stimulate cell division 
(standard mitogen challenges), have reduced ratios of spe- 
cific white blood cells, show reduced natural killer (NK) 
cell responses, and altered response to exercise challenges. 
The conclusion of these studies is that autonomic nervous 
system dysfunction results in alterations of the normal 
operations of the immune response, possibly via the inter- 
ruption of sympathetic innervation of the lymphatics and 
spleen, the normal hypothalamic—pituitary—adrenal axis, 
or normal neurologic feedback from the periphery on 
these systems. The relationship of these findings to any 
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Most men with SCI have abnormally high concentrations of 
white blood cells (WBC) in their semen. This condition is termed 
leukocytospermia. Adapted from Basu et al.” 


disease state is unclear. In examining the semen of men 
with SCI during routine semen analysis, nearly all have an 
elevated number of white blood cells.” Flow cytometric 
analysis of the semen of these men has shown the presence 
of large numbers of activated T-lymphocytes,” which are 
known to secrete cytotoxic cytokines.®® It is well known 
that activated T-lymphocytes can exert a damaging effect 
on other cells by cytotoxic cytokines.’ 


Cytokines contribute to 
low sperm motility in men 
with SCI 


Cytokines play an important role in the function of the 
immune system." Elevated concentrations of cytokines can 
be harmful to sperm.” It is possible that the activated 
T-lymphocytes observed in semen of men with SCI are 
secreting cytokines which impair sperm motility. It is 
hypothesized that semen cytokine concentrations are abnor- 
mal in men with SCI. Basu et al? measured levels of 10 
cytokines in the seminal plasma of men with SCI versus 
age-matched, healthy, non-SCI control subjects. The results 
showed that, compared to control subjects, concentrations 
of 5 of the 10 cytokines were elevated in the seminal plasma 
of men with SCI.” Further, interfering with the actions of 
specific cytokines, by addition of monoclonal antibodies 
directly to the semen, improved sperm motility in men with 
SCI.” This treatment represented the first intervention that 
significantly improved sperm motility in men with SCI. 
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Figure 77.15 
Many options are available to assist conception in couples with 
SCI male partners. 


Reproductive options for 
couples with SCI male 
partners 


Intravaginal insemination 
at home 


The majority of men with SCI cannot ejaculate during sex- 
ual intercourse, and require some form of technical or 
medical assistance to father a child. With improvements in 
rehabilitation law and medicine, men with SCI have 
become increasingly integrated into society. Marriage and 
children are important to these men (Figure 77.15). 

The least invasive and least expensive of the assisted 
reproductive options is intravaginal insemination, some- 
times called ‘in-home insemination’ It is advisable for cou- 
ples to be evaluated in a clinic prior to attempting 
intravaginal insemination at home. The clinic should eval- 
uate the male partner to determine the optimal method for 
safe and effective ejaculation at home. This evaluation 
should assess the male partner with SCI for risk of, and 


management of, autonomic dysreflexia. The evaluation 
should also determine the optimal method of inducing 
ejaculation, such as use of one vibrator,” two vibrators,” 
abdominal electrical stimulation plus PVS,” or oral med- 
ications, such as Viagra, prior to PVS.*! The clinic should 
also evaluate the semen quality of the male partner with 
SCI. While minimum numbers of total motile sperm have 
not been established for successful pregnancy using intrav- 
aginally inseminated sperm from men with SCI, the clinic 
should discuss guidelines regarding the number of intrav- 
aginal insemination cycles that will be attempted prior to 
choosing more advanced methods of assisted conception. 

The female partner should be evaluated for the absence 
of any tubal or uterine pathology and for the presence of 
normal ovulatory cycles. She should also be counseled 
regarding methods of ovulation prediction at home. 
Insemination should occur at the time of ovulation. If the 
male partner with SCI cannot ejaculate during intercourse, 
the couple may collect his semen by PVS into a clean spec- 
imen cup. The semen is then drawn into the barrel of a 
syringe. The semen is delivered by inserting the syringe 
deep into the vagina. Some clinics advise the female to 
remain recumbent for 15-30 minutes following insemina- 
tion, to allow gravity to help keep the semen in the vagina, 
however there are no data to indicate whether this recum- 
bence increases the probability of pregnancy. 

There are reports in the literature of the successful use of 
intravaginal insemination to achieve pregnancy in couples 
with a male partner with SCI (see Table 77.3). Sonksen 
et al reported a 25% pregnancy rate per couple for 16 
couples undergoing PVS and vaginal self-insemination. 
Basal body temperature was used to predict ovulation tim- 
ing and multiple ovulation cycles were required within a 
period of 2 years. Lochner-Ernst et al” reported a total of 
60 pregnancies in 35 couples with male partners with SCI. 
Of these, 37 pregnancies occurred in 22 couples who per- 
formed semen collection and insemination at home, and 
23 pregnancies occurred in 13 couples after intravaginal 
insemination in the clinic, but the study did not provide 
details on the proportion of couples that achieved preg- 
nancy. Additionally, the study did not provide details about 
the ovulation cycles needed for this outcome, such as the 
number of cycles, or whether the female partner took 
fertility drugs to produce multiple eggs per cycle. 

Nehra et al% reported pregnancies in 5 out of 8 couples 
(63% pregnancy rate) following PVS and the use of intra- 
vaginal or cervical self-insemination during multiple ovu- 
lation cycles. Dahlberg et al” reported 12 pregnancies in 
8 couples after PVS and intravaginal insemination during 
multiple cycles using luteinizing hormone kits for timing 
of ovulation. Couples attempted intravaginal insemination 
at home approximately 6 times before going on to more 
advanced assisted reproductive technologies. Elliott'> 
reported 28 infants born to 31 couples, with almost half of 
the couples conceiving at home using PVS." 
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Summary of studies using intravaginal insemination in couples with male partners with SCI 


Author Couples (n) Cycles (n) Pregnancies (n) 
Sonksen et al 1997” 16 ND 4 
Loéchner-Ernst et al 1997°° 35 ND 60 
Nehra et al 1996° 8 ND 5 
Dahlberg et al 19957” 8 <48* 12 
Elliott 2003! 31 ND 14* 
Rutkowski et al 1999°8 ily 45 6 
Hultling et al 1997” 19 ND 8 


For each study, the total number of couples, the total number of attempts at pregnancy (cycles), and the total number of pregnancies 
are summerized. (n), number; ND, no data; *data estimated from information in study. 


Summary of studies using intrauterine insemination in couples with male partners with SCI 


Medications 
Author Couples (n) Cycles (n) Pregnancies (n) used in study 
Sonksen, et al 19974 4 iy 3 CC/hCG 
Nehra et al 1996 13 25 None/CC/hMG 
Dahlberg, et al 1995% 15 <90* 9 CC/hMG 
Ohl et al 2001! 87 479 Al CC/hMG/hCG/LA 
Pryor et al 20011 10 19 6 CC/hCG 
Rutkowski et al 199978 5 10 3 ND 
Taylor et al 1999°° 14 92 iil ND 
Chung et al 1996 10 50 CC/hCG 
Heruti et al 2001!” 15 39 4 ND 


For each study, the total number of couples, the total number of attempts at pregnancy (cycles), and the total number of pregnancies 
are summarized. Medications used in the study are listed. Some women had multiple cycles with different medications. (n), number; 
CC, clomiphene citrate; hCG, human chorionic gonadotropin; hMG, human menopausal gonadotropin; LA, leuprolide acetate; ND, 
no data; *data estimated from information provided in study. 


Rutkowski et al retrospectively reviewed outcomes of 
infertility management in their male patients with SCI. The 
clinic used PVS or EFJ as the semen retrieval technique. 


Intrauterine insemination 


Intrauterine insemination (IUI) has been used to achieve 


Intravaginal insemination was attempted in 17 couples. A 
total of 6 pregnancies was achieved in 45 cycles. Five of 
these pregnancies occurred in 23 cycles of PVS (22% preg- 
nancy rate per cycle), and one pregnancy occurred in 22 
cycles of EEJ (5% pregnancy rate per cycle). 

Hultling et al”? reported on 19 couples who tried PVS 
and intravaginal insemination at home; 8 of the 19 couples 
(42%) conceived. 


pregnancy in couples with an SCI male partner (see Table 
77.4). IUI involves collecting semen from the SCI 
male partner and processing it in a laboratory to separate 
the sperm from the semen, and to isolate the motile from 
the nonmotile sperm. In men with SCI, semen to be used 
in IUI is usually collected by PVS or EEJ. The processed 
sperm is placed inside the uterus of the woman (Figure 
77.16). IUI can be performed during unstimulated cycles 
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Sperm are inserted 
into the uterus 


Figure 77.16 
Intrauterine insemination has been used successfully to 
achieve pregnancy in couples with SCI male partners. 


where no fertility drugs are prescribed to the woman or 
during stimulated cycles where fertility drugs are pre- 
scribed to stimulate the production of eggs and/or to 
stimulate ovulation. 

Sonksen et al** reported the results of 17 IUI cycles in 4 
couples. The women received medications to stimulate 
ovulation in 14 of the 17 cycles. PVS and EEJ were used as 
semen retrieval methods. Median total sperm count was 65 
million (range 100 thousand to 480 million) with a median 
motility of 13% (range 1% to 60%). Three pregnancies 
occurred in 2 of the 4 couples (i.e., 1 couple had 2 preg- 
nancies) for a 50% pregnancy rate per couple, and a 17.6% 
pregnancy rate per cycle. 

Nehra et al% reported no pregnancies in 11 natural (no 
fertility drugs) cycles of IUI, but achieved 5 pregnancies in 
13 couples after 25 cycles of IUI in which medications were 
administered to stimulate ovulation. Dahlberg et al” 
reported 9 pregnancies in 15 couples where IUI was tried 
for 4-6 cycles (< 90 cycles). 

Ohl et al'® studied 121 consecutive couples who used 
EEJ in combination with assisted reproductive technology 
in the treatment of anejaculatory infertility. For those cou- 
ples that did not conceive within 3-6 cycles of IUI, gamete 
intrafallopian transfer (GIFT) or in vitro fertilization (IVF) 
procedures were recommended. Eighty-seven of the 121 
couples had male partners with SCI. In 479 cycles of EEJ 
with IUI in these couples, 41 pregnancies were obtained. 
This outcome represents an 8.6% pregnancy rate per cycle 
and 32.2% pregnancy rate per couple. 

Ohl et al! concluded that the type of fertility drug used 
to stimulate egg production and/or ovulation, and the 


method of monitoring and timing of insemination, did not 
affect IUI cycle fecundity. No multiple gestations were 
observed with natural cycle/IUI procedures. In comparing 
ranges of motile sperm counts and IUI cycle fecundity, the 
authors suggested that patients with counts of <4 million 
total motile sperm should proceed directly to high-level 
assisted reproductive technologies, since below this thresh- 
old the pregnancy rate per cycle decreased sharply to 1.1%. 
Based on a cost-effectiveness comparison of IUI and IVF, 
they recommended that couples should attempt 3-6 cycles 
of IUI before proceeding to IVF. When inseminated total 
motile sperm counts were greater than 40 million, the 
pregnancy rate per cycle was 17.6%. They concluded that 
an IUI program can be successful and cost-effective in men 
with SCI. 

Some studies discussed whether semen specimens were 
obtained by antegrade (out the tip of the penis) or retro- 
grade (into the bladder) ejaculation. Men with SCI often 
experience retrograde ejaculation due to dis-coordination 
between the external urinary sphincter and the bladder 
neck, which, in normal circumstances, ensures that the 
ejaculate flows forcefully out the end of the urethra. Pryor 
et al'®! reviewed outcomes in 10 couples undergoing IUI. 
Ejaculates were obtained by PVS in 2 patients and by EEJ 
in 9 patients. Retrograde samples with <5 million motile 
sperm were not used if the antegrade sample had >5 mil- 
lion motile sperm. Six pregnancies were achieved in 10 
couples after 19 cycles of IUI when the women received 
human chorionic gonadotropin (hCG) to stimulate ovula- 
tion. No pregnancies occurred in 19 unstimulated cycles of 
IUI in 5 couples. Also, no pregnancies in the same 5 cou- 
ples when the women received a combination of 
clomiphene citrate (CC) plus hCG to stimulate ovulation. 
Pryor’s study, like Ohl’s,'°° underlined the vital role that 
semen quality plays in the chances for pregnancy, and the 
importance of semen preparation techniques which isolate 
the most motile sperm for insemination. This study again 
emphasized the consideration of cost in assisted fertility 
procedures and also suggested that initial conception 
attempts should be made by IUI if adequate numbers of 
motile sperm are available. 

Rutkowski et al” reviewed pregnancy results with IUI. In 
5 couples who had EEJ and IUI, 3 pregnancies were 
achieved during 10 cycles. This outcome represents a 30% 
pregnancy rate per cycle, which was an improvement over 
the 13% pregnancy rate per cycle obtained with intravagi- 
nal insemination. The authors emphasized that conven- 
tional insemination techniques such as IUI will remain an 
important option in couples with SCI male partners, par- 
ticularly in healthcare systems where IVF procedures such 
as intracytoplasmic sperm injection (ICSI) are beyond the 
financial reach of many couples. 

Taylor et al’ studied 19 couples with an anejaculatory 
male partner with SCI. Semen was obtained with PVS, 
PVS plus prostate massage, or EEJ. Assisted reproduction 
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treatments offered were IUI, GIFT, and ICSI. Patients with 
motile sperm were first offered IUI. The pregnancy rate per 
cycle for IUI was 12% (11 pregnancies out of 92 cycles). Of 
the 14 couples treated with IUI, 6 achieved at least 1 preg- 
nancy (42.9%). The authors suggested that sperm numbers 
within the normal range with at least 10% good progres- 
sive motility can be used for timed IUI with washed con- 
centrated sperm, a procedure they characterize as ‘relatively 
inexpensive and minimally invasive. 

Chung et al!” reported their experience with EEJ com- 
bined with IUI or IVF. Female partners received clomiphene 
citrate 50 mg/day (days 3-7) during IUI cycles to improve 
pregnancy rates. EEJ was performed on the day of insemi- 
nation and both antegrade and retrograde specimens were 
processed by swim-up technique. A total of 50 IUIs was 
performed in 10 couples, resulting in 5 pregnancies in 3 
couples, with 2 couples conceiving twice. Pregnancy thus 
occurred in 30% of the couples and in 10% of the IUI 
cycles. One couple failed to conceive after 8 cycles of IUI, 
but successfully delivered twins after IVF. 

Heruti et al!” studied 15 couples with SCI male part- 
ners who underwent assisted reproductive technology. 
Semen was collected by EFJ in all patients. Four pregnan- 
cies were achieved after 33 cycles of IUI for a pregnancy 
rate per couple of 28.6%. 


In vitro insemination/ 
intracytoplasmic sperm 
injection 


Advanced assisted reproductive technologies are available 
when fertilization is not possible or not indicated by 
intravaginal insemination or IUI. IVF is a procedure where 
sperm from the man are placed in a laboratory dish with 
ova retrieved from the woman. The sperm—ova mixture is 
then placed in an incubator for up to 5 days. Sperm are 
allowed to fertilize the ova. Embryos that develop to the 
highest quality blastocyst stage are then placed into the 
uterus of the woman. Transfer of high-quality blastocysts is 
associated with higher pregnancy rates compared to trans- 
fer of poorly formed blastocysts.!* This method whereby 
sperm are allowed to fertilize ova is termed ‘conventional 
IVF (Figure 77.17). 

When the number of motile sperm is too low for con- 
ventional IVF, the method of ICSI is often used to achieve 
fertilization. ICSI is a procedure in which a single sperm is 
injected directly into the ovum (Figure 77.18). IVF and ICSI 
have been used to achieve pregnancy in couples with SCI 
male partners (Table 77.5). Hultling et al” reported a longi- 
tudinal descriptive study on the benefit of IVF in cases of 
anejaculatory infertility due to SCI, and the results achieved 
by ICSI. Sperm were retrieved through PVS or EE]. If sperm 
quality was judged to be sufficient, conventional IVF was 


Embryos are inserted 
o © © into the uterus 
Figure 77.17 


Example of conventional IVF in which sperm and ova are mixed 
together in a lab dish. Sperm are allowed to fertilize the ova. 
Well-developed embryos are transferred to the uterus. 


Figure 77.18 

Intracytoplasmic sperm injection is a method of injecting sperm 
directly into an ovum. This method is used to increase the 
chance of fertilization. 


performed. If sperm quality was very poor, ICSI was per- 
formed. Twenty-five couples underwent 52 cycles. Total 
sperm counts ranged from 0.01 to 978 million. Although 
the fertilization rate improved from 30% with conven- 
tional IVF to 88% with ICSI, there was no difference in 
pregnancy rate between the two methods. A total of 16 
clinical pregnancies was established leading to 11 deliver- 
ies, for a pregnancy rate of 56% per couple. 

Heruti et al!” reported 18 pregnancies after 68 cycles of 
IVF/ICSI in 20 couples. Sonsken et al” reported 3 preg- 
nancies in 10 cycles of IVF/ICSI in 8 couples. Brinsden 
et al'® reported on the treatment of 35 couples with a male 
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Summary of studies using in couples with male partners with SCI 


Medications 
Author, Year Couples (n) Cycles (n) Pregnancies (n) used in study 
Hultling et al 1997” 25 52 18 GnRH/hMG/FSH/hCG 
Heruti et al 20011% 20 68 15 ND 
Sonksen et al 19974 8 10 3 GnRH/hMG/hCG 
Brindten et al 1997!°% 35 85 18 GnRH/hMG/FSH 
Shieh et al 200316 9 11 9 GnRH/hMG/FSH 
Léchner-Ernst, et al 1997°° 11 ND 13 ND 
Nehra et al 1996”° 12 15 LA/hMG/FSH/hCG 
Dahlberg et al 1995% 9 14 CC/hMG 
Rutkowski et al 1999 21 42 8 ND 
Taylor et al 1999°” 15 40 12 ND 


For each study, the total number of couples, the total number of attempts at pregnancy (cycles), and the total number of pregnancies 
are summarized. Medications used in the study are listed. Some women had multiple cycles with different medications. (n), number; 
GnRH, gonadotropin releasing hormone agonist; hMG, human menopausal gonadotropin; hCG, human chorionic gonadotropin; 
ND, no data; LA, leuprolide acetate; FSH, follicle stimulating hormone; CC, clomiphene citrate. 


partner with SCI. Sperm was obtained by EEJ. Eighteen 
clinical pregnancies were obtained in 85 cycles of IVE. The 
pregnancy rate per treatment cycle was 18/85 = 21.2%. The 
pregnancy rate per couple was 18/35 = 51.4%. 

Shieh et al! reported on 9 couples undergoing 11 cycles 
of ICSI. Nine pregnancies were achieved (1 pregnancy per 
couple). Seven of the couples achieved pregnancy in 8 
cycles of EEJ and ICSI. One couple achieved pregnancy in 
2 cycles of PVS and ICSI, and one couple achieved preg- 
nancy with donor sperm + ICSI. 

Loéchner-Ernst et al” reported on 13 pregnancies (2 sets 
of twins) in 11 couples using IVF and ICSI. Semen was 
obtained by PVS or surgical sperm retrieval. Nehra et al”® 
reported pregnancy rates in 12 couples. GIFT was per- 
formed in 5 couples, and 4 achieved pregnancy in 8 cycles, 
for a 50% pregnancy rate per cycle and 80% pregnancy rate 
per couple. ICSI was performed in 7 couples, resulting in 2 
pregnancies in 7 cycles for a 29% pregnancy rate per cycle, 
and a 29% pregnancy rate per couple. 

Dahlberg et al” reported on pregnancy outcomes in 9 
couples. Four couples had 6 cycles of IVF with sperm 
obtained by PVS or EEJ. Two pregnancies were achieved by 
this method. Two pregnancies were also achieved in five 
couples who had 8 cycles of IVF with sperm obtained from 
the vas deferens. Taylor et al” achieved 12 pregnancies in 15 
couples undergoing 40 cycles of GIFT or ICSI. Six of 7 cou- 
ples achieved 7 pregnancies (2 pregnancies in one couple) 
in 18 cycles of GIFT. Three of 8 couples achieved 5 preg- 
nancies (3 pregnancies in one couple) in 22 cycles of ICSI. 

Although definitive studies have not yet been per- 
formed, pregnancy outcomes using sperm from men with 


SCI seem to be similar to those using sperm from non-SCI 
patients with male factor infertility. Similar pregnancy 
rates are found between the two groups for IUI, conven- 
tional IVF, and ICSI.?4'°*!°7 Although there are some stud- 
ies showing impaired sperm function in men with SCI,°)"8 
these functional impairments apparently do not lower 
pregnancy rates in couples. These findings may reflect the 
increasing ability of laboratory-assisted reproductive tech- 
nologies to overcome all forms of male infertility.!°'”° 


Selection of ART approach 


Recent improvements in the treatment of male factor infer- 
tility in general have led to a problem for couples with SCI 
male partners in particular. The ejaculates of many of these 
men are not being examined as a source of sperm for assisted 
reproductive technology (ART) procedures. Instead, sperm 
are being retrieved directly from their testes or epididymes 
as a first line of treatment for anejaculation. This develop- 
ment has resulted in many centers recommending ICSI as 
a first line of treatment for assisted conception to couples 
with an SCI male partner. For many such couples, the cost 
of ICSI is prohibitive. ICSI is currently the most invasive of 
the available ART options. 

The risks to the female partner and the incidence of mul- 
tiple gestations are significantly higher with IVF compared 
to IUI procedures.''! If ICSI is the only treatment option 
offered to couples, many will not attempt biologic parent- 
hood. This outcome will impede rather than encourage 
progress in treatment of infertility in these couples. 
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Studies have shown that semen may be easily obtained 
by PVS or EEJ in 95% of men with SCI. Centers cite lack of 
familiarity, training, or equipment as the primary reasons 
for not offering these procedures.” It is understandable 
that centers may not want to invest a large sum of money 
to purchase electroejaculation equipment for use in a small 
number of cases. The majority of SCI patients, however, 
can ejaculate easily with a low-cost vibrator. 

Kafetsoulis et al showed that: (1) the majority of men 
with SCI have reasonable yields of total motile sperm in 
their ejaculates, and (2) IUI has been successfully used to 
achieve pregnancy in these couples. It is recommended that 
centers continue (or begin) to examine semen as a source 
of sperm and consider IUI as a treatment option for 
assisted conception in couples with SCI male partners. 


Summary 


Young men comprise the overwhelming majority of individ- 
uals with spinal cord injury. Fertility is severely impaired in 
men with SCI due to erectile dysfunction, ejaculatory dys- 
function, and semen abnormalities. The same treatments 
that are effective for erectile dysfunction in the general pop- 
ulation are effective for treatment of erectile dysfunction in 
the SCI population. These treatments include oral PDE-5 
inhibitors, intracavernous or intra-urethral injections of 
alprostadil, vacuum erection devices, and penile implants. 
Similarly, the same treatments that are effective to assist con- 
ception in couples with non-SCI male-factor patients are 
effective in assisting conception in SCI male-factor patients. 
These treatments include IUI, IVE and ICSI. 

The most apparent differences in male-factor symptoms 
between SCI and non-SCI patients are the high occur- 
rences of anejaculation and atypical semen profiles in men 
with SCI. Methods are available to assist ejaculation in men 


Figure 77.19 

Photo of the first 7 babies born at the Miami 
Project to Cure Paralysis Male Fertility Program, 
including one set of twins (far right). All of these 
couples met and got married after the man’s 
injury. One man (second from right) had a child 
from a previous marriage prior to his SCI. To 
date, over 150 babies have been born with the 
help of this program. 


with SCI. These treatments include PVS and EEJ. The use 
of surgical sperm retrieval as the first line of treatment for 
anejaculation in men with SCI is currently controversial. 

Most men with SCI have a unique semen profile charac- 
terized by normal sperm concentration, but abnormally 
low sperm motility and viability. Abnormal accessory 
gland function, possibly due to dis-innervation of the 
prostate gland and seminal vesicles, may lead to abnormal- 
ities in the seminal plasma which contribute to this condi- 
tion. Despite abnormal sperm parameters, pregnancy 
outcomes using sperm from men with SCI seem to be sim- 
ilar to pregnancy outcomes using sperm from non-SCI 
men. Future studies in the field of infertility in men with 
SCI should focus on improving natural ejaculation, and 
improving semen quality in these men. 
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Pregnancy in spinal cord injury 


Carlotte Kiekens 


Introduction 


In Western countries, spinal cord injury (SCI) is a relatively 
rare condition with an incidence varying between 1 and 4 
per 100 000 inhabitants per year. Eighty percent of the sub- 
jects are male.! The mean age at onset being the early thir- 
ties, sexuality and fertility issues are relevant, but literature 
concerning these topics in women is scarce. However, 
motherhood is an important issue for the quality of life of 
these disabled women and their motivation to carry on 
with their lives after such a devastating event. 

Concerning female fertility issues such as pregnancy 
rates, live births, and complications or obstetric manage- 
ment following SCI, only case reports and opinion articles 
are available and a systematic review by De Forge et al in 
2005 was restricted to male fertility post-SCI.? 


Menstruation, fertility, and 
contraception 


Menarche has been reported to occur normally in girls who 
have been injured as preadolescents. When an SCI is sus- 
tained after menarche, it is usually followed by an episode 
of amenorrhea. On average, women resume menses after 3 
to 6 months, with 50% of the women presenting menses at 
6 months and 90% of the women by one year post-injury. 
At that moment fertility status returns to the premorbid 
status.” The same pattern of regularity or irregularity 
then usually appears and the level and completeness of the 
lesion do not seem to influence the menstrual cycle." 
However, a multicenter survey in 472 women, published 
by Jackson and Wadley in 1999, showed that menstrual 
cramping is less frequent after SCI, which is in contrast to 
an increase in premenstrual syndrome. Exacerbation of 
autonomic symptoms occurs at particular times in the 
cycle. These spinal cord injured women had fewer gyneco- 
logic check-ups, mammographies, and PAP smears post- 
injury. Menopause was induced by SCI, immediately or 
within 12 months, in 14% of the subjects, but except for an 


increase in mood disorders, menopausal symptoms were 
fairly comparable in women with or without an SCI.* The 
use of oral contraceptives may be contraindicated because 
of the challenged cardiovascular status and increased risk 
of deep venous thrombosis. Especially in women who 
smoke or are over 35 years of age, the risks are increased.° 
Due to the sensory loss, intrauterine devices (IUDs) can be 
dangerous in case of urogenital infection or other compli- 
cations.* Condoms can be used and offer the additional 
benefit of protection from sexually transmitted disease.’ 


Pregnancy 


Pregnancy rate is lower in women with an SCI. This does 
not seem to be due to fertility problems but rather to sec- 
ondary factors such as decreased sexual activity, decreased 
involvement in relationships, not wanting children, or 
perceived difficulty in caring for the children.* 

Different problems can occur during pregnancy and a 
regular follow-up by a multidisciplinary team is manda- 
tory. This team should at least be composed of the general 
practitioner, a gynecologist, and a physician specialized in 
physical medicine and rehabilitation. Ideally also the urol- 
ogist, anesthesiologist, physical therapist, occupational 
therapist, and midwife are involved. Where possible, it is 
optimal to give preconceptual counseling. This counseling 
comprises an evaluation of the medication scheme of the 
mother in order to avoid teratogenous effects on the fetus. 
Women with SCI due to spina bifida should take folic acid 
in a dose of 4 mg daily.® Psychologic aspects can be dis- 
cussed in preparation of pregnancy, particularly in women 
who might not be able to care independently for their baby. 
A renal/urologic and pulmonary assessment is appropriate. 

The following information is mainly based on the review 
on pregnancy and SCI published in 1996 by Baker and 
Cardenas,’ and the data reported respectively by Charlifue 
et al in 19924 and Jackson and Wadley in 1999. During 
pregnancy, weight gain can decrease mobility and indepen- 
dence for activities of daily living (ADL, e.g. transfers and 
wheelchair propulsion). Extra help as well as technical aids 
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sometimes need to be provided, as can be the case for 
tetraplegic mothers for the care of the baby. Due to sensory 
loss, fetal movements might not be perceived. In that case 
the mother should be taught to feel these movements by 
palpating the abdominal wall. Bladder management is 
often disturbed: incontinence increases and more frequent 
intermittent catheterization may be necessary. As the pres- 
ence of asymptomatic bacteriuria and urinary tract infec- 
tions increases, it is important to insure sufficient fluid 
intake and to minimize residual volumes in order to avoid 
pyelonephritis, which might induce preterm labour and 
delivery. Indwelling or suprapubic catheters are contra- 
indicated and frequent surveillance cultures are advised. 
Some suggest to switch from ‘clear’ to ‘sterile’ intermittent 
catheterization, for example using a self-contained “touch- 
less’ catheter and bag. Due to a decrease in gastric motility 
during pregnancy, bowel management requires prevention 
of constipation with, again, sufficient fluid (and fiber) 
intake and, if necessary, mild laxatives. 

The pregnant woman with SCI often shows anemia and 
fatigue, water retention, and edema of the lower extremities. 
Augmented spasticity and pain have also been described. 
These factors, together with the decreased mobility, can 
cause decubitus ulcers. The risk for thromboembolism 
increases and compression stockings as well as LMWH (low 
molecular weight heparin) administration from the 4th 
month on until the end of the postpartum period are rec- 
ommended. In high thoracic and cervical lesions, respira- 
tory capacity is challenged during pregnancy, requiring 
adapted respiratory rehabilitation. Spasticity can be exacer- 
bated during pregnancy, but oral baclofen can have side- 
effects for the fetus. Roberts et al reported on two cases 
where an intrathecal baclofenpump (ITB) was implanted 
before or during pregnancy, and one case where intrathecal 
baclofen was administered via an external catheter with 
good tolerance and good effect on spasticity. 

The most important and dangerous complication dur- 
ing pregnancy (and delivery) is autonomic dysreflexia." 
This is a syndrome characterized by a sudden exaggerated 
reflex increase in blood pressure known as an important 
and possibly life-threatening complication, for the mother 
as well as the baby. It is reported to occur in 48 to 85% of 
all SCI patients with an SCI at T6 or above, but isolated 
cases in patients with SCI as low as T8 have been reported. 
Any stimulus below the lesion that enters the spinal cord 
through intact peripheral nerves, such as a distended blad- 
der or bowel, a urinary tract infection, a pressure sore, or 
labor, can trigger the orthosympathetic nervous system 
(segments T1-T5) and induce an uncontrolled increase in 
blood pressure due to the lack of inhibitory descending 
tracts. The symptoms are those of an infralesional vaso- 
constriction with supralesional vasodilatation. General 
symptoms are systemic hypertension, compensatory 
bradycardia, and anxiety. Above the lesion we notice 
pounding headache, flushing, sweating, and, if the lesion is 


higher than T1, mydriasis. Below the lesion the patient pre- 
sents mainly cool extremities and piloerection. Possible 
complications include retinal, subarachnoidal or intracere- 
bral hemorrhage, myocardial infarction, seizure, and death. 
During pregnancy differential diagnosis has to be made 
with pre-eclampsia, of which the treatment is different.® 
Prevention of autonomic dysreflexia by avoiding irrita- 
tions, such as a full bladder or bowel, infection, constipa- 
tion or skin ulcers, is absolutely mandatory. When treating 
autonomic dysreflexia, antihypertensive agents with rapid 
action and short duration are preferred (mostly nifedipine 
or captopril), but hypotension should be avoided as this is 
more poorly tolerated by the fetus then acute hypertension. 


Labor and delivery 


Labor and delivery depend on the level of the lesion. The 
uterus is innervated by the segments T10-L1. Women 
presenting lesions lower than L1 have preservation of 
uterine sensibility. Women with a lesion in T10—L1, may 
present insufficient labor. When the lesion is situated in 
L1 or above, the onset of labor may not be perceived due 
to the sensory impairment. As is the case during preg- 
nancy, women with lesions at T6 or higher present a risk 
for autonomic dysreflexia. 

Different authors report an increase in preterm labor 
and delivery. Labor indicators differ greatly following SCI 
and can be pain above the level of injury, abnormal pain, 
ruptured membranes (which can be confused with urinary 
incontinence), significantly increased spasticity (usually of 
the legs or the abdomen), respiratory changes, symptoms 
of autonomic dysreflexia, and increased bladder spasms.** 
Some women report normal labor sensation but others do 
not experience any type of labor sensation, depending on 
the level and completeness of the lesion. Unattended deliv- 
ery should be avoided in patients who are unable to sense 
contractions reliably. Therefore, cervical examinations 
once or twice weekly are recommended after 28 weeks, and 
hospitalization after 36 weeks or earlier if labor begins or 
the cervix dilates or is effaced. The patient should be 
taught uterine palpation techniques and home uterine 
activity monitoring could be beneficial. Labor duration 
does not differ significantly even though the clinical per- 
ception of labor may be present only at advanced labor and 
not at latent labor.’ 

During labor and delivery, rigorous prevention of pres- 
sure ulcers is of extreme importance, and a special support, 
regular changes in position, and skin examination are 
mandatory. Frequent bladder emptying by intermittent or 
continuous catheterization will prevent overdistention of 
the bladder, which is important as an (over)distended 
bladder can induce autonomic dysreflexia. 

In the series published by Charlifue et al, 53% of the 
women had vaginal deliveries without forceps, 22% with 
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forceps assistance, and 25% were cesarean deliveries. Of the 
cesarean deliveries, 5 were done by physician choice, 2 to 
deliver transverse lying twins, 2 for autonomic dysreflexia 
during delivery, 1 because of placenta previa, and 1 because 
of prolonged labor.* Cross et al reported cesarean section 
in 43% of the patients for the following reasons: breech 
presentation, transverse presentation, lack of progress, 
onset of labor one day post-spinal fusion, and a mother’s 
request to have tubal ligation.® Finally, Pereira described 
rates of spontaneous vaginal delivery in 37% of SCI 
women, assisted vaginal delivery in 31%, and cesarean 
delivery in 32%.8 

If autonomic dysreflexia can occur, this means in all 
women with a lesion at or above T6, then an epidural anes- 
thesia and continuous blood pressure monitoring are nec- 
essary. To avoid skin breakdown at the episiotomy site, the 
use of nonabsorbable sutures has been recommended.° 

There are some specificities concerning women present- 
ing a cauda equina syndrome.'? Women who preserved an 
ability for walking often lose this at the end of the preg- 
nancy. Sensibility of the internal genital organs is pre- 
served, meaning that fetal movements as well as onset of 
labor will be perceived, so early hospitalization is usually 
not necessary in this group of patients. The abdominal 
muscles will help to expel the baby. However, the risk of 
perineal distention or even rupture is increased due to 
hypotonia of the pelvic floor and the cicatrization of epi- 
siotomy can be problematic. A cesarean section might be 
indicated in order to protect the fragile pelvic floor. 


Postpartum and 
breastfeeding 


During the postpartum period the risk for thromboem- 
bolic disease remains increased. Patients should be assessed 
for bladder distention and bladder management has to be 
adapted. Bowel management also still requires extra atten- 
tion.®” In case of impaired balance or upper limb function, 
extra help needs to be organized for the care of the baby. 
This may require some psychologic adaptation of the 
mother. Technical aids, and tips and tricks can be given by 
the occupational therapist. 

Breastfeeding is possible even though milk production 
might be decreased in lesions above T6 due to decreased 
nipple sensation. In neurologically intact mothers infant 
suckling activates tactile receptors in the breast. This signal 
is carried via afferent nerves in the T4—6 dorsal roots to the 
spinal cord and then to neurons in the hypothalamus 
(Figure 78.1), which release oxytocin in the bloodstream, 
triggering milk ejection from the breast.” Cowley reported 
on three tetraplegic women maintaining breastfeeding for 
an extended period (12 to 54 weeks). One of them used 
mental imaging and relaxation techniques and another 
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Figure 78.1 

Under normal conditions the sympathetic input from suckling 
enters the spinal cord at the level of T4—T6 and from there 
travels up to the hypothalamus, which in turn induces oxytocin 
production and increases milk production. In lesions at or above 
T6 this normal pathway is partially or completely interrupted, 
which can result in a decrease of milk production. 


needed oxytocin nasal spray to facilitate the let-down 
reflex. In Charlifue’s series of 29 women who breastfed 
their infants, only 4 were reported to have insufficient 
milk.* Halbert drew attention to the fact that additional 
support with breastfeeding aids, such as pillows to support 
the baby or adapted nursing bras with easy opening and 
closing, might be necessary.'* 


Motherhood 


Literature on the impact of SCI on mothering is very 
scarce. In 1994 a paper was published on 26 mothers with 
SCI with 47 children." No women felt that their family 
roles and the relationships between family members dif- 
fered from those of other families. Neither did they have 
the impression that their children were unable to partici- 
pate in regular activities because of their SCI. The 10 chil- 
dren who were able to fill out the questionnaire did not 
perceive their mothers as different from other mothers 
because of their SCI. Fathers did not report that they felt 
that they had more responsibilities than partners of able- 
bodied women. In some other studies very few problems 
were reported by mothers with SCI. One woman noted 
that she had problems going on field trips. Another 
woman, though, stated that having a child actually pro- 
vided a motivation to stay healthy.° 
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In 2002 Alexander et al published a randomized con- 
trolled trial of mothers with SCI and their children, 
matched to able-bodied mothers and their children on key 
demographic variables.’ Eighty-eight mothers, 46 of their 
partners, and 31 of their children participated. In this study 
SCI did not appear to affect their children adversely in 
terms of individual adjustment, attitudes towards their 
parents, self-esteem, gender roles, and family functioning. 
Moreover, SCI mothers saw their children as being less 
rigid and more comfortable in adjusting to novel situations 
in their environment. SCI mothers did not show more 
stress than the able-bodied mothers, even if they were 
more likely to report feeling a lack of emotional and active 
support from their partners in the area of child manage- 
ment. Partners of SCI mothers, however, seemed to enjoy 
more satisfying relationships with their children. Just the 
presence of maternal SCI does not predict difficulties in 
children’s psychologic adjustment, nor does it lead to prob- 
lems in areas of parenting satisfaction, parenting stress, 
marital adjustment, or family functioning. 


Summary 


Spinal cord injury is a relatively rare condition and mainly 
strikes men. Literature on pregnancy in SCI is very scarce 
and consists mainly of case reports and opinion articles. 
However, motherhood is an important topic for women 
with SCI. After an episode of amenorrhea, fertility returns 
to the premorbid status. Contraception should be pre- 
scribed if necessary, taking into account the specific risks of 
each method. Pregancy rates are lower in women with SCI. 
During pregnancy appropriate multidisciplinary follow-up 
is mandatory. The most dangerous complication is auto- 
nomic dysreflexia, which can occur in patients with a lesion 
at T6 or above. Other potential complications are bladder 
and bowel problems, pressure sores, anemia and fatigue, 
increased spasticity or pain, decreased respiratory capacity, 
and thromboembolic events. Extra monitoring is advised 
from the 28th week and hospitalization at 36 weeks in order 
to prevent preterm delivery. Delivery depends on the level 
of the lesion, the innervation of the uterus being autonomic 
and situated in T10-L1. Even though spontaneous vaginal 
delivery is often possible there is an increased percentage of 
assisted vaginal delivery or cesarean delivery. In patients 
presenting a lesion at T6 or above, continuous monitoring 
of blood pressure and epidural anesthesia is necessary dur- 
ing delivery because of the risk for autonomic dysreflexia. 
Breastfeeding is recommended because of its beneficial 
effects for the mother as well as the baby. In patients with a 


lesion above T6, the hypothalamus reaction to suckling- 
inducing oxytocin production might be decreased, with 
insufficient milk production as a consequence. With some 
extra care though, most of the women succeed in breast- 
feeding. The presence of maternal SCI does not seem to 
predispose for psychologic adjustment problems in their 
children, nor does it lead to decreased parenting satisfaction 
or family functioning. 

Pregnancy and motherhood are certainly possible for 
women with SCI, but multidisciplinary follow-up with 
prevention of possible complications during pregnancy, 
labor, and delivery is mandatory. 
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Evolution and follow-up of lower urinary tract 
dysfunction in spinal cord injury patients 


Jean-Jacques Labat and Brigitte Perrouin-Verbe 


Introduction 


Neurologic lesions can disrupt bladder-sphincter function- 
ing and its central neurologic control. Consequently, these 
problems can alter the quality of life by inducing inconti- 
nence and even threatening the upper urinary tract, partic- 
ularly of spinal cord injury (SCI) patients. For a long time, 
urinary complications have been the leading cause of death 
in SCI. Today, this is not the case. Better knowledge of the 
evolution and prognostic factors of neurologic bladder has 
enabled the development of pertinent follow-up strategies, 
screening for risky situations, and taking account of aging 
urinary systems as well as aging SCI patients themselves. 
Neuro-urologic assessment is never definitive. The evolu- 
tion of therapeutic methods will permit new, more 
adequate treatments for use tomorrow. 


Background 


In 1927, Harvey Cushing observed that 80% of SCI 
patients died within weeks after the trauma because of 
infections, urinary catheters and bedsores. The mortality 
rate during the acute phase has evolved over the years due 
to improved care management. It dropped from 60-80% 
during World War II to 30% in the 1960s and 6% in 
the 1980s." 

The decrease in mortality of urinary origin is partly 
responsible for this survival gain. In SCI patients who sur- 
vived World War II and the Korean war,’ deaths from uri- 
nary causes were estimated to be 43%. Then they declined 
with time, with the rate not exceeding 10% in the 1980s 
and 1990s. In 50 years of follow-up, the risk of death 
attributed to urinary factors has diminished by half in each 
successive decade.* 

This favorable evolution in terms of mortality is also 
seen for morbidity, with preventive measures tending to 


replace hospitalization for urologic complications. The 
leading cause of rehospitalization, reported at 1-, 5-, 10-, 
15-, and 20-year follow-ups, was disease of the genitouri- 
nary system, including urinary tract infections.’ At present, 
43% of rehospitalizations are for urinary reasons (the lead- 
ing cause of rehospitalization),° but in most cases they are 
more for a check-up than for care. The average length of 
hospitalization is 7.9 days, with a median length of 3 days. 
These figures thus confirm that there has been a progres- 
sion from care to prevention, showing the importance of 
bladder-sphincter follow-up. 


Prognostic factors in upper 
urinary tract changes 


Follow-up objectives 


There are many neuro-bladder classifications, but they do 
not enable prognostic assessment because, even if they do 
identify the dysfunction type, they do not estimate the bal- 
ance of urodynamic forces present. The classical criteria of 
bladder disequilibrium, which are postvoid residual urine, 
urinary infection, vesicoureteral reflux, ureterohydro- 
nephrosis, lithiasis, and incontinence, reflect the deterio- 
ration when they occur, but they do not have good 
prognostic value. The follow-up objectives are thus to 
solve the problems encountered by SCI patients with 
lower urinary tract dysfunction, this means improving 
urinary continence, restricting of infections, facilitating 
micturition, while preserving patient autonomy. It is 
equally important to strive for an equilibrated bladder 
today without any risks for tomorrow, that is, to protect 
the upper urinary tract apparatus. This equilibrium is not 
a constant but a daily balance that cannot be considered as 
unchanging. 
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The role of elevated 
intravesical pressure during 
the storage phase 


In 1981, MacGuire et al’ brilliantly illuminated the harm- 
ful role of elevated intravesical pressures in SCI patients. 
When bladder leak-point pressure (BLPP) is lower than or 
equal to 40 cmH,0O, there is no vesicoureteral reflux and 
only 10% of dilatation on intravenous pyelography (IVP). 
When BLPP is more than 40 cmH,0O, we find 61% of reflux 
and 81% of upper urinary tract dilatation. 

We have confirmed these data in a retrospective study of 
200 myelomeningocele patients,*® followed for a period of 3 
to 17 years (average 9.02 years). The prognostic value of 
BLPP is demonstrated by the study of survival curves test- 
ing the rate of upper urinary tract degradation according to 
its dilatation and the BLPP: if BLPP rises during the follow- 
up, the probability of an undilated upper urinary tract at 
12 years post-trauma is no more than 20%, while it is 86% 
if BLPP stays low; a patient with BLPP exceeding 40 
cmH,0 has 7 times more risk of upper urinary tract dam- 
age than someone with stable BLPP. 

SCI patients show a correlation between vesicoureteral 
reflux and elevated intravesical pressure:? when bladder 
pressure exceeds 60 cmH,0O, 22% have reflux, but when the 
pressure is normal, reflux occurs in only 5%. In detrusor 
hyperreflexia, we find upper urinary tract alteration in 
16% and a normal upper urinary tract in 84%, corre- 
sponding to patients whose BLPP is 115 cmH,O and 72 
cmH,0O respectively, on average.! Similarly, in detrusor 
areflexia, the upper urinary tract is altered in 18% and nor- 
mal in 82%. The corresponding BLPP values are 58 cmH,O 
and 24 cmH,0O, respectively. 

BLPP is thus an essential prognostic factor with a partic- 
ularly bad significance when it exceeds 40 cmH,0. 


The physiopathology of upper 
urinary tract damage 


Bladder hyperpressure, either related to detrusor hyper- 
reflexia (SCI patients with prolonged and strong amplitude 
bladder contractions) or to poor bladder compliance of 
detrusor areflexia (particularly in myelomeningocele), will 
have a dual effect: hydrodynamic perturbations and mor- 
phologic changes. Bladder hyperpressure will alter urethral 
flow, as the latter occurs at low pressure; in the beginning, 
the ureter compensates by an increased amplitude and fre- 
quency of contractions; then, above 40 cmH,0, statis pre- 
sents with dilatation (or even vesicoureteral reflux). The 
situation will deteriorate rapidly if the duration of exposure 
to high pressure is prolonged. This upper urinary tract 
alteration is initially reversible by continuous catheteriza- 
tion or by restoring detrusor pressure to an acceptable level. 


Detrusor hyperpressure can be the consequence but, 
above all, the cause of bladder wall deformities (trabeculae, 
diverticula); these may some times affect the watertight- 
ness of the vesicoureteral junction and induce vesico- 
ureteral reflux. They will facilitate the development of 
infectious sites, increasing hyperreflectivity. Collagen will 
seep progressively into and accumulate between smooth 
muscle fibers which become rarified. These structural 
changes may have variable repercussions. When the blad- 
der is active, they induce a decrease of detrusor contractil- 
ity and lead to a new pressure equilibrium, a veritable 
homeostasis phenomenon aimed at protecting the upper 
urinary tract. More deformed bladders are not always the 
most poorly tolerated by the upper urinary tract level. The 
collagen excess also favors irreversible detrusor fibrosis, 
particularly in inactive or congenital neurobladders. This 
fibrosis, which thickens the detrusor wall, contributes to 
stenosis of the lower ureter and hydronephrosis. After 
bladder wall lesions are definitively installed, treatment of 
hyperreflexia cannot stop the vesicoureteral reflux. 


The context and antecedents 


Age at onset 
Children 


In childhood-acquired paraplegia, the prognosis of lower 
urinary tract dysfunction is relatively good compared to 
paraplegia occurring during adulthood." In the long-term 
(6-30 years), 10.4% of childhood paraplegics!* will incur 
Bricker’s syndrome, which has a lower rate than for adults 
in the same reference period (1960s—1980s). 


The elderly 


Spinal cord lesions in the elderly mean complications. 
Rehabilitation failure is common because of difficulties in 
adapting to the new situation, a lower urinary tract altered 
by age (prostate hyperplasia, cystocele, sphincter failure) 
with slower reflexes, and detrusor hypoactivity. These ele- 
ments explain the frequency of surgical procedures in men 
and the use of indwelling cathethers. When the lesion 
occurs after age 60 years, 50% have an indwelling cathether, 
and 50% of men undergo a de-obstruction procedure. 
Traditional rehabilitation often fails. The prognosis for 
old people is, therefore, linked more to personal factors 
than to the neuro-urologic situation itself. 


Gender 


Studies published a few years ago show that women are less 
exposed than men to urologic complications. In 1983, 99% 
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of 200 SCI women who survived the initial phase retained 
a normal IVP for the following 20 years;'* the woman/man 
complication rate was 1 for 4.4; 1 woman died of renal 
failure for every 19 men. This difference has not been seen 
in recent years. In 1992, the urologic complication rate 
with time was not significantly different between men and 
women, and renal failure was no higher in women with an 
indwelling catheter than in men with a condom catheter.!° 

The drainage method significantly influences the com- 
plication rate, and the harmful role of indwelling catheters 
can be found here compared to reflex voiding or intermit- 
tent catheterization. This was very significant in a popula- 
tion of 70 SCI women followed for 11-13 years.'® It raises 
questions as to better choices of treatment, given the 
absence of urine collectors for women. 


The neurologic lesion 


Ina study by Gerridzen et al!° of 140 SCI patients, of whom 
62% were tetraplegic and 38% paraplegic, somewhat sur- 
prisingly, 51% of paraplegics had detrusor hyperreflexia 
versus 49% who presented with detrusor areflexia. Among 
the tetraplegics, 86% had detrusor hyperreflexia and 14% 
bladder areflexia. Eight years after the lesion, alterations of 
the upper urinary tract were twice as frequent among 
tetraplegics, as 17% of them had a damaged upper urinary 
tract versus 8% of paraplegics. 

The incidence of reflux is higher in complete than in 
incomplete SCI,” but the frequency is identical in para- 
plegics and tetraplegics. It is probable that the perception 
of an equivalent of a micturition need limits the risk of 
increased intravesical pressure because the patient can 
urinate sooner. 


Drainage method 
In the initial stage 


The complication rate in the initial period after the trauma 
is closely linked to the bladder drainage method, with par- 
ticularly high risks of damage from indwelling catheters:!* 
acute pyelonephritis, purulent cystitis, paraurethral 
abscess, ureteral fistula, urethral strictures, and severe 
hematuric cystitis. 


In the long term 


In a very large study of 316 exclusively male SCI patients, 
Weld!’ examined the influence of drainage methods on 
urologic complications. One hundred and fourteen 
patients had an indwelling catheter (changed every 
month), 92 practiced proper intermittent catheterization, 
74 voided spontaneously (defined as reflex voidings with 


postvoid residual urine volume less than 100 ml and void- 
ing pressure less than 40 cmH,O), and 36 carried a supra- 
pubic catheter. Three hundred and ninety-eight urologic 
complications occurred in 126 patients. The complications 
were more frequent in patients with continuous bladder 
drainage since, 53.5% of these cases had 236 of the com- 
plications (61 patients), 4.4% of suprapubic catheter 
patients had 48 complications (16 patients), 32.4% of 
patients who voided spontaneously had 57 complications 
(24 patients), and 27.2% of intermittent catheterization 
patients had 57 complications (25 patients). 


Tetraplegic cases 


The independence of tetraplegics is more or less limited, 
and so the choice of their micturition mode is necessarily 
influenced by voiding autonomy. Among 73 SCI patients of 
more than 20 years’ duration,” 32 had an indwelling 
catheter, and 41 another mode of micturition (reflex void- 
ing, sphincterotomy, intermittent catheterization): there 
was no difference between the two groups for creatinine 
level, but the indwelling catheter group had a higher rate 
of hydronephrosis and renal atrophy. Alternatively to 
indwelling catheters, suprapubic catheters seemed to be a 
good drainage method since 34 of 61 tetraplegics used this 
mode for an average of 8.6 years (for 27 intermittent 
catheterizations, the average was 9.9 years), and no upper 
urinary tract deterioration was observed in any of these 
groups.*! However, we noted a much higher frequency of 
lithiasis in the suprapubic catheter group, and more fre- 
quent urinary infections with intermittent catheterization. 

Intermittent catheterization seems to be the safest 
method for SCI patients in terms of urologic complica- 
tions. In contrast, indwelling catheters appear to incur the 
highest rate of complications, particularly in the long term. 


Urinary infection 
Symptomatic infections 


The elements that indicate urinary infections in SCI 
patients sometimes clearly appear with fever and shivering, 
smelly urine, or hematuria, but are most often subtle: 
intense renal or bladder pain, urinary leakage or micturi- 
tion changes, increased spasticity, lethargy, general malaise, 
and discomfort. 


Asymptomatic infections 


It is extremely difficult to find a consensus concerning the 
criteria of asymptomatic urinary infection in SCI patients 
and, above all, to see them applied, even if only to clinical 
studies. Nevertheless, criteria have been defined in a 
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National Institute on Disability and Rehabilitation 
Research Consensus Statement” according to the mictur- 
tion mode and can be viewed as extremely rigorous: bac- 
teriuria exceeding 10’/ml in intermittent catheterization 
patients, greater than 10*/ml in patients with a condom 
catheter, and no matter what the concentration is when 
patients have an indwelling catheter. The banality of 
asymptomatic infections is such that they may be neglected 
most of the time. 


Universally accepted risk 
factors 


The risk factors of urinary infections have been classified 
universally by Cardenas and Hooton:”* bladder distention, 
vesicoureteral reflux, elevated intravesical pressure, post- 
void residual urine volume, stones, lower bladder outlet 
obstruction, decreased immunity, pregnancy, repeated 
urethral traumas, anatomic anomalies of the urinary tract, 
perineum hygiene, and presence of an indwelling or supra- 
pubic catheter. We must also consider some of the more 
subjective elements, including possible behavioral risks as 
well as psychologic factors: degree of patient comprehen- 
sion, inactivity, self-esteem, social acceptance. Finally, 
intermittent catheterization is a source of increased infec- 
tions only when it is done for tetraplegics by nontrained 
persons (in this case, with infection risk even higher than 
with indwelling catheters). 


Infectious complications 


Epididymitis was found in 16.1% of patients, and 
pyelonephritis in 3.5%. Ninety-four percent of patients 
had been treated at least once for lower urinary tract infec- 
tion. Indwelling catheters are the main cause of infectious 
complications: pyelonephritis and especially epididymitis. 
Intermittent catheterization leads to less epididymitis than 
reflex voiding.'® 


Renal function 


All bladder drainage methods may preserve the upper uri- 
nary tract, but continuous drainage is a risk factor for 
upper urinary tract damage and renal failure. With contin- 
uous bladder drainage, 18.6% of patients undergo upper 
urinary tract changes. This rate is 7.8% with reflex voiding, 
and 6.5% with intermittent catheterization.** If death 
(from all causes) is twice as frequent in the continuous 
drainage group, it is not necessarily significant, because 
patients in this group are older. 


Among the associated factors, patient age and lesion 
duration are correlated with higher blood creatinine, 
lower creatinine clearance, and frequent proteinuria. 
Vesicoureteral reflux is correlated with renal function dam- 
age and radiologic anomalies of the upper urinary tract. 
Blood creatinine levels alone seem not to be a very sensitive 
factor in early deterioration of the upper urinary tract 
compared with proteinuria, creatinine clearance, and 
upper urinary tract imaging. 

The two most sensitive methods of screening for renal 
function deterioration are creatinine clearance and iso- 
topic scintigraphy. Blood creatinine declines with age and 
body mass reduction; hence, it can remain normal despite 
decreasing glomerular filtration, and is not sensitive 
enough. Measurement of endogenous creatinine clearance 
is acceptable, but poses a problem of 24-hour urine collec- 
tion in SCI patients. Isotopic clearance (Tc DTPA) seems 
to be the best method of examination. 

Renal scintigraphy represents the most sensitive screen- 
ing procedure for renal function changes. Effective renal 
plasma flow (ERPF) decreases by 4.5 ml per year in the 10 
years following spinal cord lesion.” The factors associated 
with declining ERPF are age, female sex, renal or bladder 
lithiasis, tetraplegia, frequent shivering, and fever episodes, 
but there is no relationship with lesion age or bacteriuria, 
and no link with lesion severity. 


Radiology 
Urethral complications 


Urethral stricture has been noted in 11.7% of patients, and 
periurethral abscess in 2.8%.'* Indwelling catheters cause 
many urethral strictures, and intermittent catheters two 
times less, but significantly more than suprapubic catheters 
or reflex micturition. 


Lithiasis 

Upper urinary tract lithiasis has been found in 35.1% of 
patients,'® and lower urinary tract lithiasis in 14.6%. 
Indwelling catheters lead to significantly more lithiasis 
complications of the upper urinary tract and bladder than 
intermittent catheterization and spontaneous micturition. 
Recurrent urinary tract infections, indwelling catheters, 
vesicoureteral reflux, and immobilization hypercalcuria are 
a few of the major risk factors for the development of 
urolithiasis among spinal cord injury patients.” Temporal 
evolution shows that lithiasis risk is always present”®— 3.1% 
at 5 years, 5.1% at 10 years, 6% at 15 years, and 10.8% at 20 
years — but with significant variations according to the void- 
ing method: suprapubic and indwelling catheters represent 
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a high risk while intermittent catheterization has a negligi- 
ble risk. In men who cannot use intermittent catheteriza- 
tion, or when the bladder cannot empty spontaneously, 
suprapubic cystostomy is better than urethral catheteriza- 
tion to avoid renal stone formation.” 


Upper urinary tract changes 


Vesicoureteral reflux has been found in 15.8% of patients, 
and upper urinary tract alteration in 26.3%.'* Intermittent 
catheterization and reflex micturition are accompanied by sig- 
nificantly less reflux than indwelling or suprapubic catheters. 
Injuries between T10 and L2 involve the sympathetic nervous 
system; patients with such injuries often exhibit vesicoureteral 
reflux in the early stage of spinal cord injury. 


Urodynamics 
Postvoid residual urine 


Contrary to what we have always thought, even if postvoid 
residual urine volume is a sign of bladder-sphincter dys- 
function, it is not a prognostic factor. The upper urinary 
tract can deteriorate without any residual volume; the 
bladder may work to avoid residual urine volume, but this 
exhausts the urinary system in the long term. In 1977, 38% 
of dilatation was found 2 to 6 years after SCI in the absence 
of residual volume.” However, major, chronic postvoid 
urine volume can be tolerated perfectly for years, especially 
in hypoactive bladders with high compliance. 

The prognosis is thus not linked to postvoid residual vol- 
ume, but depends on urodynamic balance. Postvoid urine 
volume is a sign of obstruction because it is also a function 
of adaptation to detrusor contraction. It is as much the con- 
sequence of primary insufficient detrusor contraction or 
decompensation as obstruction. It can be particularly dan- 
gerous if there is an associated compliance deficit, or if there 
are prolonged dyssynergic contractions, as the bladder is 
then subjected permanently to high pressures. 


Bladder reflectivity and 
contractility 


The complication rate of upper urinary tract damage is 
clearly higher in patients with reflex micturition (32%) 
compared to patients who void spontaneously (0%) or 
who have an inactive detrusor or a detrusor inactivated 
by anticholinergics (7%).*? All hyperreflexias are not 
dangerous in the same way: they will be more hazardous 
if the contractions are strong, prolonged, and frequent; 


otherwise, they may just manifest as a brief peak of hyper- 
pressure but much less harmful than hyperpressure of the 
filling phase. In paraplegics, there is a correlation between 
high intravesical pressure and reflux, with 22% of reflux 
occurring when intravesical pressure is greater than 
60 cmH,0O versus 5% when it is lower than this value.*° 


Dyssynergia 
Detrusor-sphincter dyssynergia 


Bladder hyperreflexia is harmful in SCI patients because 
it is associated with bladder-sphincter dyssynergia. In 
suprasacral lesions,*' 7.4% of patients have no dyssynergia, 
80.3% have intermittent dyssynergia, and 12.3% have con- 
tinuous dyssynergia. Complete spinal cord lesion is usually 
accompanied by continuous dyssynergia, while intermit- 
tent dyssynergia is seen only with incomplete lesion. 
Dyssynergia is associated with complete lesions, with high 
intravesical pressure, and with upper urinary tract compli- 
cations. These associations are more pronounced in con- 
tinuous dyssynergia than in intermittent dyssynergia. The 
proportion of patients suffering from a particular type of 
bladder-sphincter dyssynergia has not changed with time. 

These parameters are, in fact, correlated. Indeed, dyssyn- 
ergia is responsible for high intravesical pressures which 
are themselves a source of risk for the upper urinary tract. 
On the other hand, what value should be given to this clas- 
sification of detrusor-sphincter dyssynergia in case of anti- 
cholinergic treatment, since the latter does not alter the 
type of dyssynergia although it modifies the other risk fac- 
tors (decreased intravesical pressure)? Under these condi- 
tions, would it be worthwhile to distinguish the different 
types of dyssynergia or to evaluate the pressures that they 
engender? 


Compliance 


Measurement of compliance deficiency seems less signifi- 
cant than BLPP, but explores high pressures in the same 
way during the filling phase and their danger. In contrast, 
flaccid and compliant bladders do not develop any changes 
of the bladder wall and upper urinary tract; this may be the 
case for cauda equina syndrome after disc herniation. 

Evaluation of compliance is difficult in SCI patients 
because of hyperreflexia, and studies are rare. Hypocompliant 
bladders are seldom found in SCI patients.” In the population 
with initially normal compliance (higher than 20%), the 
upper urinary tract remains normal 3 years later in 78% of 
cases, but when initial compliance is low (17%), we find only 
23% with a normal upper urinary tract after this time 
period.” 
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A threshold of 12.5 ml/cmH,0 significantly indicates the 
presence of various upper urinary tract complications: vesi- 
coureteral reflux, upper urinary tract distention, pyelonephri- 
tis, and upper urinary tract lithiasis.“ In suprasacral lesions 
(complete and incomplete), bladder hypocompliance is more 
frequent in patients with continuous drainage than in those 
who use intermittent catheterization. Whatever the drainage 
method, low compliance is more frequent in sacral lesions 
than in suprasacral lesions, and in complete than in incom- 
plete lesions. Regression curve analysis shows that compliance 
is more often altered with time in the continuous drainage 
group than in the reflex micturition and intermittent 
catheterization groups. The risk of altered compliance with 
indwelling catheters increases by 23% every 5 years. 

The evolution of bladder compliance thus appears to be 
a fundamental element of surveillance for all neurologic 
bladders. 


Cytology and cystoscopy 


The risk of bladder tumor is high in aging SCI patients and 
notably in those with indwelling catheters (over 8 years) 
or bladder lithiasis.” Groah et al% examined 3670 SCI 
patients by cystoscopy and showed that the risk of bladder 
cancer with SCI using an indwelling catheter is 77 per 
100000 person-years. This corresponds to an age- and 
gender-adjusted standardized morbidity ratio of 25.4 when 
compared with the general population. After adjusting 
for age at injury, gender, level and severity of SCI, history 
of bladder calculi, and smoking, those using solely 
indwelling catheters had a risk of bladder cancer 4.9 times 
than those using nonindwelling methods. However, the 
incidence of invasive bladder cancer in the European pop- 
ulation appears to be lower than that reported in other 
series.’ Gross hematuria in individuals with SCI warrants 
aggressive assessment for bladder cancer.** These findings 
suggest a screening by annual cystoscopy after 8 years of 
indwelling catheter use in the at-risk patient group (lithia- 
sis, repeated infections, etc.). The BTA (bladder tumor 
antigen) stat, survivin assay, and urine cytology were 
unable to predict bladder cancer cases in patients with 
SCI.” Cystoscopy, therefore, remains the gold standard for 
bladder cancer surveillance in patients with SCI. 


Longitudinal follow-up 


Patient compliance in 
follow-up 


Clinical practice demonstrates the importance of some ele- 
ments that are difficult to quantify. Patient compliance in 


follow-up is one of these parameters. The three most sig- 
nificant elements when complications occur are ignorance 
of follow-up importance, lack of confidence in their gen- 
eral practioner, and examination cost.*° The other signifi- 
cant elements are living far from services, transport 
difficulties, and length of time since the accident. 

It is common for SCI individuals to change their bladder- 
emptying method over time. At least 10 years after a trau- 
matic spinal cord injury the use of clean intermittent 
catheterization (CIC) rose from 11% at the initial discharge 
to 36% at the time of follow-up. The use of suprapubic tap- 
ping fell from 57 to 31% in the same period, while the use 
of the Credé maneuver rose from 5 to 19%. During follow- 
up, 46% changed the bladder-emptying method. The 
results showed the following trends in change of method: a 
high proportion of discontinuation in normal bladder 
emptying, suprapubic tapping, and abdominal pressure, 
and a high proportion of continuation when using CIC.*!* 


Delayed complications 


Radiologically, 63% of SCI patients have bladder anomalies — 
wall deformities, lithiasis, upper urinary tract changes — that 
appear in 3/4 of cases in the first year, especially in patients 
who had an indwelling catheter for a prolonged initial period 
(more than 8 weeks). In contrast, new radiologic anomalies 
occur in only 1% of cases after 10 years.” Upper urinary tract 
complications (23.7% of 105 SCI patients)“ can present at 
any time of follow-up, between 1 month and 34 years, with 
an average of 10.4 years. Forty-four percent of reflux appears 
during the first 2 years, and 23% during the 2 following years, 
with the rates decreasing regularly with time.'® Thus, the first 
years after the trauma are the most dangerous. 

If we compare drainage methods,'® we find that the 
complication rate increases in the indwelling catheter 
group 5 years after the trauma, and after 15 years in 
patients with suprapubic catheters, with no significant 
changes in time for the two other groups (intermittent 
catheterization and spontaneous micturition) which, 
therefore, remain safe methods for the long term. 


Patients at risk 


It is possible to define SCI populations at higher risk of 
urinary complications. 


Tetraplegic patients have a 
higher risk 


They have a higher risk because they frequently have 
bladder hyperreflexia and because they do not take any 
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anticholinergics to facilitate spontaneous micturition in a 
condom catheter. 


Paraplegic patients have a relative 
decrease in risk 


The decreased risk in paraplegics is linked to a lower fre- 
quency of hyperreflexia with high pressures because these 
patients are treated with intermittent catheterization and 
anticholinergics. In this group, the only deterioration 
occurs in patients not taking anticholinergics. 


Men have more risks than women 


The caricatural difference of a few years ago is subsiding, 
thanks to progress made in the follow-up of SCI patients. 


Surveillance will be especially close 
as intravesical pressures are high 


In hyperreflexia, dyssynergia is responsible for type 3 high 
pressures. This is characteristic of complete lesions. In 
areflexia, low compliance of the peripheral bladder is the 
source of the high pressures. In all cases, it is important to 
suspect compliance <20 and to avoid compliance <12.5. 


Micturition mode 


Patients with an indwelling catheter in the initial phase and 
in the long term present more complications. The supra- 
pubic catheter is a better method, except for the risk of 
intravesical lithiasis. It is preferable to use anticholinergics 
in association with intermittent catheterization than to 
urinate in a reflex way. 


Lesion duration 


Surveillance should be close in the first 2 years. 
Complications may occur later (after 5 years of an indwelling 
catheter and after 15 years of a suprapubic catheter). In 
patients without an indwelling or suprapubic catheter, the 
situation may remain stable for over 15 years. Cystoscopy is 
necessary in patients with an indwelling catheter for over 
8 years or for those with augmentation ileocystoplasty. 


Patient profile 


It is important to pay attention to loss of follow-up in 
patients who live far away and who have a great deal of trust 
in their general practitioner. It is important to inform 
patients of the necessity of regular and specialized follow-up. 


Conclusion: follow-up 
proposals 


SCI patient follow-up is based on clinical care and system- 
atic check-ups.* The clinical elements that lead patients to 
consultation are generally linked to infectious complica- 
tions or to changes in continence. The search for an irrita- 
tive cause is part of the check-up: eschar, fecaloma, 
ingrown nail, prolapse. The paraclinical elements derive 
from an appreciation of post-micturition residual volume, 
from biologic examinations that explore renal function 
(creatinine clearance annually), imaging (urinary ultra- 
sound with abdomen X-rays, computer tomography with- 
out and with injection), and urodynamics (cystometry, 
urethral pressure measurements). All these parameters do 
not possess the same value, as some screen for certain 
complications (imaging), while others try to prevent them 
(urodynamics). 

However, there is a lack of consensus in the specific 
methods used for surveillance of the urinary system.*° The 
follow-up of SCI patients should be adapted to the clinical 
situation. Nevertheless, we can still try to respect standard 
procedures that will be adapted in terms of the data 
collected during these check-ups and risky situations. 

In the first 2 years, the patient should be followed up 
clinically, urodynamically, and echographically every 6 
months. In the subsequent 5 years, follow-up will be 
annual.“ In the following 8 years, follow-up should be 
every 2 years, with clinical, echographic, and urodynamic 
assessment indications to be discussed in terms of each sit- 
uation. After 15 years, clinical and echographic follow-up 
every 2-5 years may be enough if the patient urinates in a 
reflex way or by intermittent catheterization. 

Certainly, the presentation of risk factors (particularly 
elevated intravesical pressures) and urinary complications 
will lead to changes in follow-up and treatment plans. 
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Neurogenic bladder surveillance in children 


Lysanne Campeau and Jacques Corcos 


Introduction 


Most neurogenic bladder in children is secondary to neural 
tube congenital defects.’ These include myelomeningocele 
and sacral agenesis, both of which can be detected at birth 
(Figure 80.1). Other defects encountered are occult dys- 
raphisms, whose diagnoses are more subtle due to the 
absence of median lumbosacral cutaneous anomalies. 
Acquired neurogenic bladder can affect all levels of the 
spinal cord, being secondary to spinal trauma or cord 
compression of a mass. 

The vesical pressures considerably influence the follow- 
up of these vesical dysfunctions. It is uncommon to 
encounter structural or functional injury to the upper tract 
system with low pressure neurogenic bladders.” These 
patients may then be followed less frequently (every 24 
months in our practice). On the other hand, patients with 
an overactive neurogenic bladder face a higher risk of renal 
deterioration requiring a closer follow-up (every 3 to 12 
months according to the case). This surveillance follows 
detrusor-sphincter dysfunction changes, but is also aimed 
at assessing the efficacy of several pharmacologic and sur- 
gical treatments (anticholinergics, botulinum toxin injec- 
tions, bladder augmentation, artificial sphincter, etc.). 


The natural evolution of 
neurogenic bladders 


Neurogenic bladders have a wide spectrum of progression 
towards renal deterioration (defining vital prognosis) and 
urinary incontinence (defining functional prognosis). The 
surveillance of these often handicapped patients intends to 
minimize as much as possible both of these complications, 
thereby improving the patient’s prognosis and quality of life. 

Storing dysfunction and detrusor-sphincter incoordina- 
tion cause an increased workload on the bladder and 
progressively worsening detrusor hypertrophy. This struc- 
tural anomaly brings about a decreased bladder compli- 
ance, which degenerates to a high-pressure storage system 


`N 


Figure 80.1 


Cutaneous manifestations of spina bifida. 


and incontinence. The neurogenic bladder dysfunction 
weakens the efficacy of the intravesical ureter antireflux 
mechanism, and along with detrusor high pressures pro- 
duce a vesicoureteral reflux. This reflux disturbs renal 
function and can lead to renal failure alone or in combina- 
tion with recurrent infections.’ 

Neurogenic bladder surveillance strives for slowing 
down or stopping the natural progression towards inconti- 
nence and renal failure. This surveillance is based on 10 
essential elements that can establish the child’s functional 
and vital prognosis. Alone or combined, these elements 
gather sufficient information to decide on the optimal tim- 
ing of therapeutic interventions. These elements are 
described in the following sections. 


Clinical history 


A detailed clinical history evaluates the severity of the neu- 
rologic and functional urologic condition along with their 
impact on the child’s quality of life. The questions asked at 
the initial assessment represent an important reference and 
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baseline status to which will be compared subsequent eval- 
uations. The questionnaire directed to the child or his care- 
givers starts with an elaborate layout of his neurologic and 
neurourologic impairment, his evaluations, and response to 
previous or ongoing treatments. Other impairments, past 
medical and surgical history, and allergies complete the 
initial history taking. 

The history thereafter will be focused on the child’s uri- 
nary symptoms: frequency of voiding episodes (sponta- 
neously or self-catheterization), type of urinary jet 
(normal, intermittent, drops, etc.), need to strain to urinate 
(often detected with observation of the ‘patient squat- 
ting’), presence of urgency, presence and type of inconti- 
nence, and control measures (no protection, pads, diapers, 
etc.). All these elements are usually difficult to gather from 
the child himself as he might minimize his symptoms, or 
from the parents as they might not have observed him. A 
frequency volume chart may become very useful to con- 
firm these symptoms, but is quite difficult to obtain from 
the pediatric population. This chart objectively measures 
the voiding function and its changes observed after treat- 
ments.* When the child requires self-catheterization, the 
history should reveal difficulties or concerns with this 
process. If these catheterizations are performed with diffi- 
culty, the technique (detailed steps, catheter type, lubricant 
type, etc.) and catheterized access (Mitrofanoff, urethra, or 
other) should be verified. 

Recent changes in urinary symptoms are important 
hints in the detection of the neurologic condition evolu- 
tion. For example, the appearance of an overactive bladder 
with urinary leakage, or of a hydronephrosis, can represent 
the first clinical symptoms of a progressive spinal process 
such as a syringomyelia or a tethered cord, which should 
prompt the clinician to carry out a magnetic resonance 
imaging of the spinal cord. 

Finally, the enquiry should include possible fecal elimi- 
nation troubles, such as fecal incontinence, constipation, 
and rectal tenesmus, along with the different nutritional 
adjustments or medications to treat them. It is often war- 
ranted to guide the child’s daily treatment of constipation 
that may affect the voiding function or worsen the risk of 
urinary tract infections. It is of great importance for the 
questionnaire to address the evolution of urinary tract 
infections because they can cause deterioration of the 
detrusor muscle and the renal function. The history should 
determine the frequency and symptoms associated as well 
as the presence of fever, which is often a sign of concomi- 
tant pyelonephritis.° 


Quality of life evaluation 


The evaluation and surveillance of a child with a neuro- 
genic bladder should take into account the patient’s and 


parent’s perception of the condition and treatment out- 
come. There is, however, no validated questionnaire to 
evaluate in a standardized fashion the quality of life of a 
child suffering from a neurogenic bladder. However, simple 
and focused questions can allow the clinician to estimate 
the negative impact the voiding and fecal function may 
have on the quality of life of the patient and his caregivers. 
For the teenage patient, the evaluation should address sex- 
ual function and expectations towards sexual relationships, 
and paternity or maternity. These legitimate expectations 
may require specialized consultations in sexology, gynecol- 
ogy, or urology. 


Physical exam 


The abdominal and external genitalia physical exam 
should be performed at the initial assessment, but repeated 
on subsequent assessments if clinically pertinent (presence 
of a costo-vertebral angle tenderness, a full bladder, or 
other tenderness, etc.). If possible, the observation of the 
child voiding can be very informative in terms of urinary 
flow, presence of intermittent flow, or need to strain, 
although these elements will later be objectified during the 
urodynamic evaluation. 


Urine analysis and culture 


A routine urine analysis is a crude but good indicator of 
renal injury. Urine cultures are done only in the presence of 
symptoms (pain, fever, or changes of voiding pattern).° 
Asymptomatic bacteriuria should not be systematically 
treated in children using self-catheterization. 


Serum creatinine 


Biologic serum testing of creatinine concentration and cre- 
atinine excretion rate can give an approximate calculation 
of the renal function. 


Postvoid residual 
measurement 


If the child voids spontaneously, the postvoid residual 
volume can establish a complete or partial emptying abil- 
ity. There is no a normal value for residual volume, but 
the expected value should be zero based on a normal 
child’s voiding pattern. In a context of a patient suffering 
from a neurologic condition, the postvoid residual value 
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interpretation needs a correlation with the clinical con- 
text and elements of the history such as the presence of 
incontinence, urgency, urinary tract infection, etc. For 
example, a small asymptomatic residual volume may be 
ignored. This measurement can be carried out in a child 
using self-catheterization to confirm the efficacy of the 
technique. 


Urodynamic evaluation 


The urodynamic evaluation in a young child is achieved by 
active participation of the physician along with good coop- 
eration and relaxation from the child, often requiring the 
parent’s presence during the exam, or occasionally sedation 
via suppositories or injections. The urodynamic study is 
crucial at all steps of the diagnosis and surveillance. A more 
frequent study is indicated in patients at risk of structural 
damage (recurrent urinary tract infections, newly diag- 
nosed hydronephrosis) or in patients who are refractory to 
conservative treatments (Figure 80.2). The timing of the 
first urodynamic study and the frequency of the following 
studies vary from one patient to another. In general, the 
first evaluation is performed at 3—4 years old and repeated 
every year after. Any new neurologic or urologic event 
(recurrent urinary tract infections) or new treatment calls 
for a repeat study.’ 


Ultrasound 


The surveillance involves the prevention of upper urinary 
tract anatomic changes. A renal ultrasound evaluates in a 
noninvasive fashion the size and growth of the kidneys 
along with the presence of hydronephrosis or nephrolithi- 
asis (Figure 80.3). This study does not, however, predict 
renal function nor determine the presence and the degree 
of an obstruction or vesicoureteral reflux.® 


Figure 80.2 

Cystometrogram of a child with 
myelomeningocele showing loss of 
detrusor compliance leading to a lower 
“safe” bladder capacity (at detrusor 
pressure < 40 cmH,0) despite a close to 
normal cystometric bladder capacity. 


1:Abdomen 


Figure 80.3 


Ultrasound of renal hydronephrosis. 


Retrograde cystography 


The cystography can be nuclear or radiographic, alone 
or within a video-urodynamic exam. The contrast 
agent instilled in the bladder in a retrograde fashion 
via a urethral catheter allows a precise visualization of 
the bladder contour and a crude evaluation of bladder 
capacity. A neurogenic bladder often demonstrates 
a characteristic shape with a verticalization of its long 
axis and/or a thickened wall (Figure 80.4). In a severe 
state, it can have a ‘Christmas tree appearance with its 
trabeculations and diverticula.’ In addition, the filling 
of the bladder to its maximal capacity can reveal a 
passive or low-pressure reflux or an active reflux during 
voiding." Finally, the voiding cystography is the only 
exam that can confirm the results of a vesicoureteral 
reflux. 
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Figure 80.4 


Cystography of a neurogenic bladder with vesico-ureteral reflux. 


Nuclear renal scan 


This exam of low invasiveness and low radiographic dose is 
used more liberally in the pediatric population. A func- 
tional and anatomic nuclear study is recommended if there 
is a suspicion of pyelonephritic renal scars or hydrone- 
phrosis secondary to reflux or obstruction (Figure 80.5). 
The nuclear renal scan not only delineates the morphology 
and location of the kidneys, but also determines the differ- 
ential renal function, the glomerular filtration rate, and 
degree of obstruction. 


Conclusion 


The careful surveillance of pediatric patients with neuro- 
genic bladder anticipates renal and bladder function dete- 
rioration. It also facilitates assessment of the impact of 
pharmacologic and surgical treatments. It is of the greatest 
importance to establish and apply these surveillance 
modalities, because the main neurologic and orthopedic 
condition can undergo a clinically silent progression and 
thereby cause a deterioration in kidney and bladder func- 
tion. Thus a basic annual surveillance including all or most 
of the proposed elements is the minimum required in chil- 
dren with a neurogenic bladder. Any symptom or treat- 
ment change should prompt a more frequent follow-up. 


(b) (d) 


Pa ed 


Figure 80.5 
DMSA study of left renal scar in a five year-old child. (a) Posterior 
view; (b) Posterior oblique view. 
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Considerations on the international data set 
on lower urinary tract function following spinal 


cord injury 


Fin Biering-Sørensen 


International spinal cord 
injury data set 


Life expectancy after spinal cord injury (SCI) has increased 
dramatically over the past 60-70 years,' although within 
the last three decades research has shown the absence of a 
substantial decline in mortality after the first 2 years post- 
injury.” The life expectancy of people with SCT is still below 
that of the general population.*’ The causes of death in 
SCI have changed from being primarily due to urinary 
tract disease to increasingly due to cardiovascular disease 
and respiratory complications,*>* thus becoming similar 
to the causes of death in the general population. Improved 
early medical care, specialized rehabilitation, and regular 
follow-up visits have contributed to this development. 
Because of the increasing prevalence of individuals liv- 
ing with SCI, after a traumatic as well as nontraumatic 
spinal cord lesion there is an increasing need for data per- 
taining to SCI. To facilitate comparisons regarding injuries, 
treatments, and outcomes between patients, centers, and 
countries, such data should be in the form of common 
international data sets collected on individuals with SCI.? 
Many countries have established SCI databases. It is 
becoming increasingly important to have comparable data 
so that the services affecting worldwide outcome of SCI 
can be assessed and compared. For those countries or cen- 
ters seeking to develop or upgrade an SCI database, the 
ability to learn from the experience of others is critical. 
After a one-day workshop on 2 May 2002 in Vancouver, 
British Columbia, Canada, before the combined annual 
scientific meeting between the American Spinal Injury 
Association (ASIA) and the International Spinal Cord 
Society (ISCoS), it was decided to establish a partnership 
for developing international data sets for SCI. There was a 
consensus that guidelines for the recommended minimal 
number of data elements could provide a lowest common 
denominator and be the start of a common language 


among SCI centers. The aim was to assist centers to develop 
new SCI databases, enable researchers to be more consis- 
tent and effective in the design and publication of clinical 
research studies through the use of international data sets, 
and thus to facilitate comparison between SCI populations 
worldwide.’ 

It is also hoped that internationally recognized and 
endorsed data sets can build on the experience and positive 
momentum of the worldwide dissemination of the 
ASIA and now ASIA/ISCoS International Standards for 
Neurological Classification of SCI.'° To obtain this kind of 
success, it is important that the data sets are simple and 
perceived relevant to the clinicians so they will use them. In 
addition, it is imperative that these data sets can be both 
easily retrieved and available for use for no cost and with- 
out any specific restrictions other than those protecting the 
privacy of the individuals whose information resides in 
subsequent registries based on the data sets. 


International Classification of 
Functioning, Disability, and 
Health 


In 2001, the World Health Organization endorsed the 
International Classification of Functioning, Disability, and 
Health (ICF).!! Since the ICF is an internationally accepted 
classification of the consequences of disease, it is consid- 
ered to be a useful conceptual framework for data sets 
related to the consequences of SCI. 

In this classification scheme, disability is an umbrella 
term for any or all of the following: 


e impairment of body function or structure 
e limitation in activities 
e restriction in participation. 
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Core data set 


Environmental factors make up the physical, social, and 
attitudinal environment in which people live and conduct 
their lives. These are either barriers to or facilitators of the 
person’s functioning. 

With more than 1400 categories, the ICF classification 
can serve as a reference but is not applicable in clinical 
practice. Tools such as ICF Core Sets are needed to make the 
ICF useful, and such an ICF Core Set for SCI will be devel- 
oped alongside the International SCI Data Sets.’ 


Structure and terminology 
for the International SCI 
Data Sets 


The overall framework for the International SCI Data Sets 
is illustrated in Figure 81.1. 


Core Data Set 


The Core Data Set was the first one to be developed." The 
purpose of the Core Data Set is to standardize the collec- 
tion and reporting of a minimal amount of information 
necessary to evaluate and compare results of published 
studies. At minimum, published studies should include 
information on the gender and age of the study population 


Body functions Activity and Quality of life 
and structures participation 
Modules with Modules with Modules with 
Basic Question, Basic Basic Question, Basic Basic Question, Basic 
and Expanded SCI and Expanded SCI and Expanded SCI 
Data Set Data Set Data Set 
Examples: Possible examples: Possible examples: 
Etiology Mobility Perceived physical 
Neurologic Self-care health 
Bony vertebral injury Vocational Perceived mental 
Spinal surgery Economic health 
Urologic Relationship Happiness/life 
Bowel Domestic satisfaction P 
Sexual function Figure 81.1 
Pain General structure of the International Spinal 
Cord Injury Data Sets. 


at the time of injury, the current age of the study popula- 
tion if different from age at injury, the length of time 
elapsed after injury when data are being collected, the cal- 
endar time frame during which the study was conducted, 
the causes of spinal cord lesion, and the neurologic status 
of the study population according to the International 
Standards for Neurological Classification of SCI. In 
addition, studies of health services and rehabilitation out- 
comes should also contain information on the total num- 
ber of days hospitalized, whether a bony vertebral injury 
or associated injury was present, whether spinal surgery 
was performed, whether the patient was ventilator-depen- 
dent, and the place of discharge from inpatient care. These 
data are included in the Core Data Set and are recom- 
mended to be included as a descriptive table in most pub- 
lications including individuals with SCI. Inclusion of 
more detailed information will depend on the research 
topic. This information should be provided in either table 
or text format for the overall study population and for 
each study group. It is extremely important that data be 
collected in a uniform manner. The Core Data Set is avail- 
able at www.iscos.org.uk, and www.asia-spinalinjury.org, 
including training cases. 


Basic Question 


This is a question, which, with an affirmative answer, 
implies that it is possible to go on to one or more specific 
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data set(s) with more detailed information on the partic- 
ular topic. There will not be such questions for all 
data sets. 

Examples of Basic Questions: 


e Bony vertebral injury: Yes/No/Unknown (from the 
Core Data Set), if Yes — Bony vertebral injury Basic 
SCI Data Set. 

e Spinal surgery: Yes/No/Unknown (from the Core Data 
Set), if Yes — Spinal surgery Basic SCI Data Set. 

e Etiology of lesion: Sports/Assault/Transport/Fall/Other 
traumatic/Nontraumatic (from the Core Data Set), if 
traumatic — Etiology module (SCI version of 
International Classification of External Causes of 
Injury (ICECI (http://www.iceci.org/)'*). 

e Pain: Have you had any pain during the last 7 days 
including today: Yes/No, if Yes — Pain Basic SCI 
Data Set. 


Module 


A Module may consist of Basic and Expanded SCI Data 
Sets, and other data (e.g. specific scoring systems), which 
are appropriate for the particular module. 

Possible examples of Modules: 


Urologic module: 


Lower Urinary Tract Function Basic SCI Data Set 
Lower Urinary Tract Function Expanded SCI Data Set 
Urodynamic Basic SCI Data Set 

Urodynamic Expanded SCI Data Set 

Urinary tract imagine Basic SCI Data Set 

Urinary tract imagine Expanded SCI Data Set. 


Pain module: 


e Pain Basic SCI Data Set 
e Pain Expanded SCI Data Set 
e Pain scoring. 


Basic SCI Data Set 


This is the minimal number of data elements, including the 
possible Basic Question, which together should be col- 
lected in daily clinical practice for a particular topic. This 
means that the various Basic SCI Data Sets in the future 
may be the basis for a structured record in centers world- 
wide caring for persons with SCI. 

Examples of Basic SCI Data Sets: 


e Bony vertebral injury Basic SCI Data Set 
e Spinal surgery Basic SCI Data Set 


Lower Urinary Tract Function Basic SCI Data Set 
Bowel Basic SCI Data Set 

Pain Basic SCI Data Set 

Urodynamic Basic SCI Data Set 

Urinary tract imagine Basic SCI Data Set. 


Expanded SCI Data Set 


This is a more detailed data set, which may be used as 
optional for a topic, but may be recommended for specific 
research studies within the particular area. 

Examples of possible Expanded SCI Data Sets: 


Lower urinary tract function Expanded SCI Data Set 
Bowel Expanded SCI Data Set 

Pain Expanded SCI Data Set 

Urodynamic Expanded SCI Data Set 

ICECI (International Classification of External Causes 
of Injury) for SCI.'4 


In summary, each module may consist of a basic question, 
a two-level data set: the basic SCI data set and the 
expanded SCI data set, and eventually other data sets. 


International SCI Data Set 
developments 


For development of further Data Sets, the Executive 
Committee for the International SCI Standards and Data 
Sets creates topic-specific expert working groups. The 
establishment of working groups in the various areas is 
done in cooperation with relevant international societies 
and organizations working with the respective topics. 
Initially, priority has been given to the development of 
Basic Questions and Data Sets within the following areas: 


bony vertebral injury 

spinal surgery 

nontraumatic spinal cord lesions 

etiology/prevention, based on the WHO International 
Classification of External Causes of Injury (http:// 
www.iceci.org/) 

urology 

bowel 

sexual function 

pain 

activity, participation, and well-being. 


For each data set a syllabus including definitions, coding 
schemes, and instructions on how to collect each data item 
is developed. 
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Organization 


The Executive Committee for the International Spinal 
Cord Injury Standards and Data Sets is a steering commit- 
tee for the specific working groups created for the develop- 
ment of specific topic Modules and Data Sets. 
International organizations and societies within the 
fields of spinal cord injury, neurosurgery, orthopedic 
surgery, rehabilitation, and others are being invited to 
appoint members to join the review process for the cre- 
ation and evaluation of the best possible International 
SCI Data Set. 


Process for approval of 
International SCI Data Sets 


A process for approval of the data sets has been established 
following the points below: 


1. The particular SCI Data Set working group itself final- 
izes the data set. 

2. The Executive Committee of the International SCI 
Standards and Data Sets reviews the data set. 

3. Comments from the Committee are discussed in the 
particular SCI Data Set working group and a response 
is made and possible adjustments of the Data Set 
performed. 

4. ISCoS Scientific Committee and ASIA Board review 
the data set. 

5. Comments from the Committee/Board are discussed 
in the particular SCI Data Set working group and a 
response is made and possible adjustments of the Data 
Set performed. 

6. Relevant and interested (international) organizations, 
societies, and persons review the data set. 

7. Comments are discussed in the particular SCI Data Set 
working group and responses are made and possible 
adjustments of the Data Set performed. 

8. ISCoS Scientific Committee, Council, and ASIA Board 
review the data set for final approval. 

9. ISCoS and ASIA general meetings have the data set for 
final approval. 

10. Endorsement of the data set by relevant (interna- 
tional) organizations and societies. 


Data Set presentation 


As soon as a new International SCI Data Set is developed in 
this iterative manner, consensus has been obtained, and the 
final draft has been approved together with an appropriate 
training program, the information will be disseminated at 


meetings, and published in international journals and 
through the web sites of ISCoS (www.iscos.org.uk), and 
ASIA (www.asia-spinalinjury.org). 


Training programs 


For each developed Data Set, training cases will be created 
and made accessible through the ISCoS and ASIA web 
sites, from which the data guidelines will be freely avail- 
able. The training cases should preferable precede down- 
load of the particular Data Set. This training will provide 
examples on how to code the data set and will give a min- 
imal introduction to those using the data sets in their own 
environment. 


International SCI Urologic 
Data Set Working Group 


Due to the central role of urologic issues for most individ- 
uals with spinal cord lesions, this topic was given early high 
priority for establishing a working group to develop SCI 
data sets in this area. The working group was established 
after consultation with the International Continence 
Society (ICS), European Association of Urology (EAU), 
ISCoS, ASIA, and representatives of the American Urologic 
Association. A group was then created, consisting of 
Michael Craggs, representing the EAU, Michael Kennelly, 
representing ASIA, Erik Schick, representing ICS, Jean- 
Jacques Wyndaele, representing ISCoS, and Fin Biering- 
Sorensen representing The Executive Committee of the 
International Spinal Cord Injury Standards and Data Sets 
ASIA/ISCoS (chair). 


An example: Lower Urinary 
Tract Function Basic SCI 
Data Set 


The purpose of the Lower Urinary Tract (LUT) Function 
Basic SCI Data Set for individuals with SCI is to standard- 
ize the collection and reporting of a minimal amount of 
information on the lower urinary tract in daily practice. 
This will also make it possible to evaluate and compare 
results from various published studies. The data in the LUT 
Function Basic SCI Data Set should be seen in connection 
with data in the Core Data Set. 

A spinal cord lesion may be of traumatic or nontrau- 
matic etiology. All lesions to the spinal cord, conus 
medullaris, and cauda equina are included in the context of 
the LUT Function Basic SCI Data Set. As for all data sets, it is 
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extremely important that data be collected in a uniform 
manner. For this reason, each variable and each response cat- 
egory within each variable have been specifically defined in a 
way that is designed to promote the collection and reporting 
of comparable minimal data. Use of a standard format is 
essential for combining data from multiple investigators and 
locations. Various formats and coding schemes may be 
equally effective and could be used in individual studies or by 
agreement of the collaborating investigators. 

This collection of data on lower urinary tract function 
may be carried out at any time after the spinal cord lesion. 
Follow-up of persons with spinal cord lesions should, as 
advised, be at least every 1-2 years," and for these follow- 
up visits the LUT Function Basic SCI Data Set will provide 
a helpful screening. 

The complete LUT Function Basic SCI Data Set includ- 
ing comments may be downloaded from www.iscos.org.uk 
and www.asia-spinalinjury.org, including training cases. 
As far as possible, definitions approved by the ICS 
are applied.'* The data in the LUT Function Basic SCI Data 
Set should be seen in connection with data in the Core 
Data Set." 

The data elements included in the International LUT 
Function Basic SCI Data Set are described briefly 
below: 


Date of data collection: YYYYMMDD 


The date of data collection is imperative to be able to iden- 
tify the data collected in relation to other data collected on 
the same individual at various time points. In addition, the 
date is likewise important to enable calculation of the time 
interval from the date of birth (age), and the time interval 
from the date of the lesion, i.e. time since spinal cord 
lesion. 


Urinary tract impairment unrelated to spinal cord 
lesion: 


0 No U Yes, specify. U Unknown 


Urinary tract impairment unrelated to spinal cord lesion is 
stated to enable evaluation of the LUT function in an indi- 
vidual with spinal cord lesion. 


Awareness of the need to empty the bladder: 
UNo O Yes Ü Not applicable OU Not known 


Awareness of the need to empty the bladder is meant as any 
kind of bladder sensation as defined by ICS." ‘Not applicable’ 
is to be used when the individual with a spinal cord lesion 
has, e.g, an unclamped indwelling catheter or noncontinent 
urinary diversion. 


Bladder-emptying: Main 

Normal voiding 

Bladder reflex triggering 
Voluntary (tapping, 
scratching, 
anal stretch, etc.) 
Involuntary 

Bladder expression 
Straining (abdominal 
straining, Valsalva’s 


Supplementary 


Oo 
Oo 


manoeuvre) 0 Q 
External compression 
(Credé manoeuvre) u Q 
Intermittent 
catheterisation 
Self-catheterisation 0 (E) 
Catheterisation 
by attendant m 0 
Indwelling catheter 
Transurethral 0 | 
Suprapubic m) m) 
Sacral anterior root 
stimulation E (m) 
Non-continent urinary 
diversion/ostomy u m) 


Other method, specify. 
U Unknown 


This variable documents the method(s) used by the spinal 
cord lesioned individual to empty the bladder on the date of 
collecting the data. For each method of bladder emptying it 
should be stated whether this is a main or a supplementary 
method. Two main and more supplementary methods may 
be indicated (adopted from (17)). Definitions in general are 
in accordance with ICS (16). 


Average number of voluntary bladder emptying per 
day during the last week 


This number refers to the number of voluntary bladder 
emptying irrespective of the method. 


Any involuntary urine leakage (incontinence) within 
the last three months: 


ONo U1 Yes, average daily 
U Yes, average weekly 
U Yes, average monthly 


ü Unknown 


U Not applicable 


Urinary incontinence is defined by ICS (16) as the com- 
plaint of any involuntary leakage of urine. In each specific 
circumstance the urinary incontinence should be further 
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described by specifying relevant factors such as type, fre- 
quency, severity, precipitating factors, social impact, effect 
on hygiene and quality of life, etc. (16). In the Basic SCI 
Data Set a simple indication of severity and collection of 
urine is given only. Bladder reflex triggering including into 
a collection system, e.g. condom catheter may be voluntary 
and thus not considered as incontinence. But, if the con- 
dom or ostomy bag fall off and the individual complains of 
incontinence then it should be recorded as Yes. No incon- 
tinence within the last three months implies no leakage of 
urine outside the urinary tract or a closed urinary collec- 
tion system. Instances of leakage less than monthly is con- 
sidered as “no” unless the individual with spinal cord lesion 
does consider it a problem, and then it is to be coded as 
“monthly”. Not applicable may be used when the spinal 
cord lesioned individual has for instance a non-continent 
urinary diversion. 


Collecting appliances for urinary incontinence: 


O No O Yes, condom catheter/sheath 
U Yes, diaper/pad 
U Yes, ostomy bag 
U Yes, other, specify 


U Unknown 


Collecting appliances are any externally applied aids to 
avoid urinary leakage, or devices for collection of urine. 
Regular use of one or more collecting appliances is to be 
recorded. Individuals with spinal cord lesions that use such 
appliances less than once a month, “for the sake of safety’, 
and have no more than exceptional episodes of leakage 
during a year should be excluded (adapted from (17)). 


Any drugs for the urinary tract within the last year: 
U No 


U Yes, bladder relaxant drugs (anticholinergics, 
tricyclic antidepressant, etc.) 


U Yes, sphincter/bladder neck relaxant drugs (alpha 
adrenergic blockers, etc.) 


U Yes, antibiotics/antiseptics: 


U For treatment of urinary tract infection 


Q) For prophylactic reasons 


Yes, other, specify. 
Q Unknown 


This variable documents use of any drugs, systemic or 
intravesical, for the urinary tract. 

This does not include treatment with injections into the 
detrusor or sphincter. 


Surgical procedures on the urinary tract: 

LINo U Yes, supra-pubic catheter insertion, date last 

performed YYYYMMDD 

Q Yes, bladder stone removal, date last 

performed YYYYMMDD 

O Yes, upper urinary tract stone removal, date 

last performed YYYYMMDD 

U Yes, bladder augmentation, date last 

performed YYYYMMDD 

Q Yes, sphincterotomy/urethral stent, date last 

performed YYYYMMDD 

Q Yes, botulinum toxin injection, date last 

performed YYYYMMDD 

0 Yes, artificial sphincter, date last performed 

YYYYMMDD 

U Yes, ileovesicostomy, date last performed 

YYYYMMDD 

U Yes, ileoureterostomy, date last performed 

YYYYMMDD 

U Yes, content catheterizable values, date last 

performed YYYYMMDD 

U Yes, sacral anterior root stimulator, date 

performed YYYYMMDD 

Q Yes, other, specify , date 
performed YYYYMMDD 


U Unknown 


This variable documents any surgical procedures on the 
urinary tract up to the date of collecting the data. If more 
procedures of the same kind have been performed, only the 
last one is documented with date of performance. Bladder 
stone or upper urinary tract stone removal includes any 
type of removal, including via endoscopy, extracorporal 
shock wave lithotripsy (ESWL), or open lithotomy. 


Any change in urinary symptoms within the last year: 
U No U Yes U Unknown 


LUT symptoms are, according to ICS, the subjective indi- 
cator of a disease or change in conditions as perceived by 
the individual with a spinal cord lesion, attendant, or part- 
ner, and may lead him/her to seek help from healthcare 
professionals.!® Symptoms may either be volunteered or 
described during the interview with the individual with a 
spinal cord lesion. They may be qualitative as well as quan- 
titative, e.g. change in frequency, urgency, nocturia, incon- 
tinence, hesitancy, slow stream, etc. Many individuals with 
spinal cord lesion and bacteriuria have no associated signs 
or symptoms. Chills and fever are often considered to be 
signs of acute pyelonephritis; however, these signs do not 
confirm an infection in the upper urinary tract.’® Still, 
chills and fever may be the only symptoms in persons with 


Considerations on the international data set on lower urinary tract function 935 


spinal cord lesion and pyelonephritis, bacteremia, upper 
tract obstruction by calculi, renal abscesses, and 
periphrenic abscess. Other suspicious signs and symptoms 
may include increased sweating, abdominal discomfort, 
costovertebral angle pain or tenderness, and increased 
muscle spasticity.'* Cloudy and malodorous urine and 
changes in urine pH may be signs of urinary tract infec- 
tion, but can also occur with colonization, changes of bac- 
terial organisms, and various food intakes. Increased 
spontaneous voiding or larger residual urine including 
acute urinary retention may be seen with acute infection.’ 


Summary 


It is extremely important that the LUT Function Basic SCI 
Data Set be collected in a uniform manner. For this reason, 
each variable and each response category within each vari- 
able have been specifically defined in a way that is designed 
to promote the collection and reporting of comparable 
minimal data. 

Before using the LUT Function Basic SCI Data Set, individ- 
uals should review each training case at www.iscos.org.uk and 
www.asia-spinalinjury.org, complete a sample data collection 
form, and compare it with the correct results that are also 
posted. Generally speaking, International SCI Data Sets and 
Standards are imperative for the continuous improvement of 
examination, treatment, rehabilitation, and prevention of SCI 
in the future. Regarding prevention, the Data Sets may, 
depending on the topic, be of importance both in primary 
prevention (ICECI"*) and in secondary and tertiary preven- 
tion regarding relapse of disease and occurrence of possible 
complications, if screening with the Data Sets can pinpoint 
areas of special concern for the particular individual. 

When considering breakthrough studies it is unlikely 
that one center alone will be able to recruit enough partic- 
ipants. Therefore, standardized international data sets like 
the LUT Function Basic SCI Data Set are necessary for the 
many multicenter trials and investigations which will take 
place in the years to come. 
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Ethical considerations in neurogenic 
lower urinary tract dysfunction 


Jocelyne Tessier 


Why bioethics? 


Following the medical scandals that resulted from Nazi 
experimentation held during World War II and that led to the 
Nuremberg Code! and article by Beecher” published in the 
New England Journal of Medicine exposing medical research 
aberrations, the bioethics movement evolved during the 
second half of the 20th century. However, even though this 
seems strange to many doctors, bioethics has always been 
part of medical practice at various levels. An example dating 
back to the beginning of medicine is the Hippocratic Oath,° 
which delimits medical practice including doctors’ conduct 
per se to the end result of administered treatments. 

The contribution of philosophy and law helped develop 
this new discipline with regard to both theory and lan- 
guage. Bioethics often seems closed to practitioners, who 
nevertheless unknowingly use it on a daily basis! Each deci- 
sion made concerning a patient is an ethics act. One often 
realizes the involvement of bioethics only when confronted 
with problem cases, such as the absence of adequate 
resources to perform intermittent catheterization on a 
quadriplegic patient with numerous complications involv- 
ing an indwelling catheter. 

Neurogenic bladder treatment does not imply ethical 
issues specific to this area. However, the very nature of the 
breach of the patient’s physical integrity has a greater 
chance of forcing the attending physician to deal with 
problems regarding quality of life and autonomy, for 
instance, than the treatment of a common urinary tract 
infection. The purpose of this chapter is to introduce 
bioethics basic concepts and suggest a method for solving 
ethical problems. 


Values and ethical conflicts 


Even though they belong to a given community, each 
member of such a group believes in his or her own value 


system. These values influence them with regard to the life 
choices that they must make, especially when dealing with 
medical treatment having considerable impact of their 
lives. Here is a list of the values mentioned most often. 


Autonomy 


This is the most important value. It is at the heart of the 
bioethics movement in the United States; it goes against 
paternalism. It refers to a person’s self-determination in as 
much as a person cannot be governed by another one since 
all persons are equal. From this value comes the free and 
informed consent, the right to the truth, the refusal of 
treatment, and the need for a legal representative in case of 
incompetence. 

Self-determination may be limited by society through 
laws, for instance, or by other ethical values, such as the 
respect for life or justice. 


Respect for life 


This value sanctions the fundamental importance of 
human life. This explains why it is an integral part of 
many religions (Judaeo-Christian, Buddhism, etc.) and 
numerous Acts that prohibit murder, assisted suicide, etc. 
Without this value, human society would be in peril. 
Must life be respected in all circumstances? For vitalists, 
this is a nonquestion since life must be protected at all 
costs. For others, quality of life is an important element in 
the equation when a decision regarding treatment must 
be made.’ The quality of human life is therefore valued 
over the sole biologic life. This type of reasoning is often 
the basis for decisions on the cessation of treatment, such 
as artificial nutrition or breathing termination, or no 
resuscitation. 
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Quality of life 


This value is not easily defined. Some have tried to quan- 
tify it,>° but the experience has proven to be difficult and 
potentially discriminatory for certain categories of people. 
What is a good quality of life for an elderly man or a 
severely handicapped person? It is probably inappropriate 
to compare the lives of different individuals, but more 
relevant to compare what the life of one individual was to 
what it could be. 


Justice 


This is a value which is difficult to define, since the view- 
points that address it vary. It is involved, notably, in the 
accessibility to care, exploitation of vulnerable populations 
for research, discrimination, and resource allocation. The 
principle of justice is often invoked when resources are 
scarce. For instance, among all the candidates for a kidney 
transplant, who must be chosen? The one who is most 
deserving socially? The one who has greatest chance of 
recovery? The one whose name was written on the list first? 
The one who has the greatest life expectancy? 


Beneficence 


This principle requires that we act for the patient’s good. 
Some authors make it such an obligation for physicians 
that it even justifies compromising the doctor’s personal 
comfort or financial situation.” For others, this principle 
must be carefully considered as it has paternalistic over- 
tones (I know what is good for you). Nevertheless, embed- 
ded in a value system, beneficence can only contribute to 
the humanism of physicians. 


Nonmaleficence 


This is the primum non nocere (first, do no harm) of the 
Hippocratic tradition. This value is closely linked to benef- 
icence, since we cannot be satisfied with not harming 
alone. It often comes up in discussions about life-prolong- 
ing medical treatment, futility of treatment, dignity, etc. 

When these values go against the attending physician’s 
values, an ethical conflict ensues. It is then possible to 
ethically define the nature of the conflict. For instance, a 
patient’s refusal to undergo treatment that is recognized 
and suited to his or her medical condition brings into play 
the patient’s autonomy and the physician’s obligation to 
beneficence. 


1. Facts 

e Clinical facts 
— Current disease, co-existing diseases 
— Higher mental functions 
— Diagnostic, prognosis 

e Psychosocial facts 
— Social history 
— Family dynamics 
— Patient's will 
— Reactions of the patient and his or her family to the 

situation 
e Reactions of the healthcare team 
e Identification of the question 


2. Spontaneous option 
e Intuitive solution that does not need to be shared with the 


group 


3. Identification of the values 
e Patient's values 
— Moral values 
— Religious values 
e Values of the family or membership group 
e Values of the healthcare providers 
— Personal values (moral, religious) 
— Professional values 


4. Identification of the problem or moral dilemma 
e Determination of the values at stake 
e Identification of the conflicting values that create ethical 
dilemmas 


5. Alternatives 
e Enumeration of all possible options with related norma- 
tive and legal aspects (including step-by-step solutions) 
e Probable consequences of each alternative 
e Values underlying each option 
e Argumentation on the eventual priority to be established 


6. Consideration of the spontaneous option 
e Intuitive solution that does not need to be shared with the 


group 


7. Decision (advice) 
e Recommendations 
e Justification 


© Crowe and Durand, Institut Universitaire de Gériatrie de 
Montréal, 2007. Reproduced with permission. 


Figure 82.1 


Analytical grid for ethics cases 


Decision-making 


In most cases of ethical conflicts, the decision is made 
quickly and usually proves to be the best option among 
several alternatives. Experience and evaluation of various 
data pertaining to the patient and his or her disease are part 
of the decision-making process, which initially appears to 
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be largely intuitive. However, what seems intuitive is more 
the fruit of a methodology that has been extensively 
discussed in the literature.’ 

The problem-solving method used in bioethics is closely 
related to that used in medicine. It entails a series of steps 
that lead to a global understanding of the situation, 
followed by the drafting of a list of possible solutions. 
Constraints and particularities are then included to elimi- 
nate a certain number of solutions and achieve a final deci- 
sion supported by valid arguments. In bioethics, there are 
numerous decision-making models®'® that are helpful to 
structure the decision-making process in cases of ethical 
conflicts that seem more difficult to address. The use of 
these models allows for a global vision of the problematic 
situation, which usually extends beyond the medical 
framework. The accuracy and completeness of the facts, 
the degree of medical certainty, and the amount of creativ- 
ity in the solutions considered are all assets useful to 
achieve an adequate decision based on ethical arguments. 

Irrespective of the method used, there is a clear advantage 
to examining the problem in a group since the analysis of 
the problem and the solutions considered are enriched by 
the contributions of the various participants. As an exam- 
ple, the Crowe and Durand? analytical grid is presented in 
Figure 82.1. Interestingly, step 2 consists in stating the solu- 
tion that comes to mind spontaneously during the sum- 
mary analysis of the problem and step 6 is to modify that 
solution following the detailed analysis of the problem. 


Conclusion 


Bioethics is here to stay. Whatever the area of practice, a 
physician should gradually familiarize him- or herself with 
the language and method of the discipline that he or she is 
already practicing intuitively. The use of ethical analytical 
grids that structure the decision-making process can only 
promote this learning. 
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Reports and guidelines in relation to 
neurogenic bladder dysfunction: a selection 


Erik Schick 


In the Appendices of the first edition of this textbook, in 
2004, we reproduced four documents, terminology reports 
and guidelines, in relation to neurogenic bladder dysfunc- 
tion. Since then several other reports have been published 
and the existing ones updated. It became apparent that 
these documents are rapidly changing and become out- 
dated. As almost all of them are available on the Web, it 
seems to be more useful to establish a repertoire of these 
websites where all of them can be consulted in their most 
recent, updated version, instead of reproducing some of 
them in extenso in this book. 

The reader will find herein a collection of these websites 
with their electronic addresses, the name and composition 
of the groups who developed them and the bibliographic 
reference when they were published. 


1 Evidence-based medicine 
overview of the main steps 
for developing and grading 
guideline recommendations 


The Agency for Health Care Policy and Research 
(AHCPR), a US government agency, has used specified evi- 
dence levels to justify recommendations for the investiga- 
tion and treatment of a variety of conditions. The Oxford 
Centre for Evidence Based Medicine has produced a widely 
accepted adaptation of the work of the AHCPR. It seems to 
be highly desirable that Guidelines follow this accepted 
grading system supported by explicit levels of evidence. 
Even if not strictly related to the topic of this book, we find 
that this important document has its place in the repertoire 
of different reports and guidelines in relation to neuro- 
genic bladder dysfunction. 


Authors: Bob Phillips, Dave Sachett, Doug Badenoch, 
Sharon Straus, Brian Haynes, and Martin Dawes. 


Website: http://www.cebm.net/levels_of_evidence.asp#levels 
http://www.cebm.net/levels_of_evidence.asp#notes 


Printed version: Recently, fundamental principles of evi- 
dence based clinical practice have been outlined using exam- 
ples from the literature and practice of urology. (Scales CD 
Jr, Premingr GM, Keitz SA, Dahm P. Evidence based clinical 
practice: a primer for urologists. J Urol 2007; 178: 775-82.) 


2 The standardization of 
terminology of lower 
urinary tract function: 
Report from the 
standardization 
subcommittee of the 
International 
Continence Society (ICS) 


This report is one of the first which gained wide acceptance 
within the urologic community and which deals with the 
standardization of the terminology used in clinical practice 
and research. It was published for the first time 20 years 
ago and underwent an extensive revision in 2002. It is cer- 
tainly the most frequently quoted report of its kind in the 
urologic literature. 


Authors: Paul Abrams, Linda Cardozo, Magnus Fall, Derek 
Griffiths, Peter Rosier, Ulf Ulmsten, Philip van Kerrebroeck, 
Arne Victor, and Alan Wein. 


Website: www.icsoffice.org 


Printed version: Neurourology and Urodynamics 2002; 21: 
167-78. 
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3 The standardization 
of terminology in 
neurogenic lower 
urinary tract dysfunction 
with suggestions for 
diagnostic procedures 


This report of a subcommittee of the International 
Continence Society was first published in 1999 and has not 
been revised since then. It represents not simply an effort to 
standardize terminology in the neurogenic bladder patient, 
but also contains some suggestions for diagnostic proce- 
dures, including clinical assessment, investigations, com- 
ments on clinical value and classification of urodynamic 
investigations, as well as supplemental investigations. 


Website: www.icsoffice.org 


Authors: Manfred Stöhrer, Mark Goepel, Atsuo Kondo, 
Guus Kramer, Helmut Madersbacher, Richard Millard, 
Alain Rossier and Jean-Jacques Wyndaele. 


Printed version: Neurourology and Urodynamics 1999; 18: 
139-58. 


4 The standardization 
of terminology and 
assessment of functional 
characteristics of intestinal 
urinary reservoirs 


This report deals with the terminology of surgical proce- 
dures, patient assessment, procedures related to the evalu- 
ation of urine storage and evacuation of an intestinal 
urinary reservoir, as well as a proposed classification of the 
storage function in an intestinal urinary reservoir. 


Website: www.icsoffice.org 


Authors: Joachim W Thiiroff, Anders Mattiasson, Jens 
Thorup Anderson, Hans Hedlund, Frank Hinman Jr, Markus 
Hochenfellner, Wiking Mansson, Anthony B Mundy, 
Randall G Rowland and Kenneth Steven. 


Printed version: Neurourology and Urodynamics 1996; 15: 
499-511. 


5 Good urodynamic practice: 
uroflowmetry, filling 
cystometry, and 
pressure—flow studies 


Urodynamics is the cornerstone in the investigation, the 
elaboration of an appropriate treatment plan, and a mean- 
ingful follow-up of patients with neurogenic bladder dys- 
function. It represents the first report of the International 
Continence Society on the development of comprehensive 
guidelines for good urodynamic practice for the measure- 
ment, quality control, and documentation of urodynamic 
investigations. It deals with the three most frequently per- 
formed urodynamic examinations, i.e. uroflowmetry, filling 
cystometry, and pressure—flow studies. 


Website: www.icsoffice.org 


Authors: Werner Schafer, Paul Abrams, Limin Liao, 
Anders Mattiasson, Francesco Pesce, Anders Spangberg, 
Arthur M Sterling, Norman R Zinner, and Philip van 
Kerrebroeck 


Printed version: Neurourology and Urodynamics 2002; 21: 
261-74. 


6 Guidelines on neurogenic 
lower urinary tract 


dysfunction 


The European Association of Urology put together a working 
party to provide information on the incidence, definitions, 
diagnosis, therapy, quality of life issues, and follow-up of 
patients with neurogenic bladder dysfunction that will be 
useful for clinical practitioners. It has a broader spectrum 
than the ICS report on the same subject and represents a 
state of the art reference for all clinicians. Each section is 
followed by an important reference list. The most recent 
update was published in 2006. 


Website: www.uroweb.org 
Authors: Manfred Stöhrer, David Castro-Diaz, Emmanuel 
Chartier-Kastler, Guus Kramer, Anders Mattiasson, and 


Jean-Jacques Wyndaele. 


Printed version: European Association of Urology Guidelines, 
Anheim, European Association of Urology, 2007. 
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7 The standardization of 
terminology of lower 
urinary tract function in 
children and adolescents 


This report from the Standardization Committee of the 
International Children’s Continence Society (ICCS) 
focuses on voiding function and dysfunction in childhood 
and during adolescence. Symptoms are followed by inves- 
tigational tools, signs, conditions, and treatment parame- 
ters, but in no way does the report tell researchers and 
clinicians what to do, only what words to use. The docu- 
ment also contains a number of appendices, including 
encopresis and functional fecal incontinence, an alphabetic 
list of commonly used terms defined in the ICCS terminol- 
ogy, urodynamic instruments in children, and maximum 
voided volume formula. 


Website: www.i-c-c-s.org 


Authors: Tryggve Nevéus, Alexander von Gontard, Piet 
Hoebeke, Kelm Hjälmås, Stuart Bauer, Wendy Bower, 


Troels Munch Jorgensen, Søren Rittig, Johan Vande Walle, 
Chung-Kwong Yeung, and Jens Christian Djurhuus. 


Printed version: Journal of Urology 2006, 176: 314-24. 


8 International urodynamic 
basic spinal cord injury 
data set 


A detailed description of this data set can be found in 
Chapter 81 of this textbook. 


Websites: www.iscos.org.uk 
www.asia-spinalinjury.org 


Authors: Fin Biering-Sgrensen, Michael Craggs, Michael 
Kennelly, Erik Schick and Jean-Jacques Wyndaele. 


Printed version: Spinal Cord 2008; 46: 325-30. 
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GIFT 904, 906 
intrauterine insemination 903-5, 903, 904 
intravaginal insemination 902-3, 903 
selection of approach 906-7 
astrocytoma, spinal cord 358, 359-60 
asymmetric unit membrane (AUM) 20-1, 20, 21 
uroplakins 20-1, 20, 24, 25 
ataxia 
cerebellar/spinocerebellar 392-3 
nonhereditary 393 
ATM, see acute tranverse myelitis 
atopine 269 
ATP (adenosine triphosphate) 87, 213 
urethra 94 
urothelium 86, 104—5, 105 
stretch-evoked release 26-7, 30, 34 
ATP-dependent cell processes, loss in SCI 222-3 
atropine 34, 48, 172 
autoaugmentation 633-5, 829, 856 
in children 814-15 
indications 633 
method 633-4, 633, 634 
recent literature 635 
results 634—5, 634, 635 
autoimmunity, multiple sclerosis 295 
autonomic dysreflexia (AD) 383-4, 383, 531, 882, 913 
after posterior rhizotomy 615 
diagnosis 598 
elimination of cause 599 
incidence in SCI 209, 598 
malignant 384 
neurophysiological basis 208, 209-10 
pregnancy/labor 601, 912, 913 
prevention and prophylaxis 600-1 
secondary hypotension 600 
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signs and symptoms 207, 383 
sperm retrieval 896 
treatment 531, 531, 598—600, 600-1 
triggers 207, 384, 599, 600 
autonomic failure 
alcoholism 235 
multiple system atrophy 282-4, 283, 284 
porphyrias 237 
pure (PAF) 258, 259 
sarcoidosis 234 
autonomic neuropathy 
causing neurogenic bladder 237 
Guillain-Barré syndrome 244 
autonomic seizures 399—400 
autonomy 939 
awareness, impairment of 328-9 
axon degeneration 166, 167, 169 
axons, copeptidergic 167, 167, 169 
axon sprouts 167-8, 167, 169,516 
axon terminals, normal 166-7, 166 


Babcock clamp 679 
back pain 349-50, 350 
baclofen 308, 576-7 
combination therapy 577 
intrathecal 577-8, 829, 831, 912 
effects on bladder compliance 199 
mechanism of action 576 
side-effects 577 
bacteriuria 
defined 839 
pathogenesis 839-40, 840 
spina bifida 793 
urinary diversion 682 
Bacteroides corrodens 840 
Bacteroides fragilis 650 
‘balanced bladder’ concept 797 
balloon dilatation 
external urethral sphincter 665 
transurethral 831 
banana sign 751-2, 752 
Bannwarth’s syndrome 320 
Barcelona technique 611, 612, 617 
Barrington’s nucleus 120, 374 
see also pontine micturition center (PMC) 
basal ganglia 274, 373 
damage 274 
functional anatomy 274 
in Huntington’s disease 279 
normal physiology 275, 275 
in Parkinson’s disease 275, 276 
stroke lesions 333 
basal ganglia output structure (GPi-SNpr complex) 275, 275 
Bcl-s oncogene 221 
Beck Depression Inventory-II 596 
bed nucleus of stria terminalis, posteromedial 135 
behavioral therapies 551 
CVA-associated incontinence 333 
dementia patients 267 
multiple sclerosis 304—5 
beneficence 940 
benign prostatic hyperplasia (BPH) 
complications 
management 867-8 
risk factors 867, 867 
differential diagnosis of urinary symptoms 189, 290, 860, 
862-6, 862-5, 866 
algorithm 866 
bladder overactivity 871-5, 872-5 
incontinence 875-7, 876-7 
patient evaluation 866 
urinary retention 868-71, 869-71 
goals of therapy 867 
Parkinson’s disease patient 278 
pathophysiology 860-1, 861 
prevalence 860 
prostate size 866 
urethral obstruction 860, 861-2, 861, 871—4, 873, 874 
pathophysiology and differential diagnosis 861-2, 861 
treatment 870, 871 
vesicourethral balance 800-1, 801 
benzodiazepines 266, 577 
Besnier—Boeck—Schaumann disease (sarcoidosis) 233—4 
eta-blockers 159 
bethanechol chloride 575, 577 
acontractile/underactive detrusor 189 
diabetic cystopathy 185 
in multiple sclerosis 309 
ethanechol supersensitivity test 264, 289, 341, 384 
bicarbonate levels 792 
iceps reflex 416 
bioethics 
decision-making 940-1, 940 
origins 939 
and values 939-40 


biofeedback training 
bowel dysfunction 782 
urinary dysfunction 478, 552-3 
during IVES 625, 627, 775-7 
biomaterials 693-5 
biopsy, detrusor 163 
bisacodyl suppositories 782 
BK virus (BKV) 319-20 
bladder 
anatomy 13-14, 13 
development 7-8, 8 
foreign bodies 445, 445, 446 
innervation, and bladder compliance 200 
neuroanatomy 212-14, 212, 297-8, 299 
vascular supply 15 
bladder afferent nerves 212, 214, 603 
A6 myelinated fibers 83, 182, 374-5 
C-fibers 31, 83, 103-4, 111, 112, 182, 374-5, 382, 584 
bladder compliance 199 
bladder overactivity 178, 182 
receptors 586, 603 
bladder augmentation 
autoaugmentation 633-5, 814-15, 829, 856 
in children 813-15, 816 
clam cystoplasty 636 
complications 693 
concomitant sling procedure 644 
enterocystoplasty 815, 816, 856 
in multiple sclerosis 307, 308 
myelomeningocele 787 
post-stroke 335 
techniques not preserving urothelium 813-14 
techniques preserving urothelium 814-15 
tissue engineering 636, 696 
bladder base 50 
bladder capacity 
after posterior rhizotomy 614 
children 
and age 490-1, 490 
normal values 478, 481, 502 
prediction 487-8 
surgery to increase 855-6 
bladder compliance 
after posterior rhizotomy 614 
assessment 459, 459 
child 481, 492 
defined 197 
low 
causes 197-8 
cellular/intercellular mechanisms 199-200 
combined with prostatic obstruction 867-8 
differentiation from detrusor contraction 864, 865 
therapies improving 198-9 
and vesicourethral balance 803-4, 804 
muliple system atrophy 289 
myelomeningocele 198, 459, 495, 495, 787-8 
normal values 
adult 502, 502 
children 481, 492 
spinal cord injury 384, 921-2 
bladder contractility index (BCI) 505, 505 
bladder-cooling reflexes 33, 111, 112 
bladder-cooling test 178, 352, 488, 492 
bladder drainage 
methods 
and bladder compliance 197-8 
and underlying disease 559 
revention of upper tract damage 854-5 
in SCI, urological complications 919, 921, 922 
in spinal shock 853 
see also catheterization; catheters 
ladder emptying 106, 107-8, 107 
in children 493 
MSA 286, 287, 288, 290 
bladder epithelium, see urothelium 
ladder expression 553 
contraindications 553 
Credé manueuver 185, 189, 308, 553 
myelomeningocele newborn 763, 765 
Valsalva manueuver 184, 185, 185, 407, 553 
ladder filling 49-50, 51, 502, 603 
normal 171 
surface area:volume ratio 50, 171 
ladder hyperpressure, in SCI 918 
bladder leak-point pressure (BLPP) 
and a-adrenergic blockers 574 
assessment 459 
in children 488, 492 
normal 502 
risk of upper tract damage 787, 849 
SCI 918 
bladder mucosa 14 
catheter reaction 444-5, 445 
bladder neck 
anatomy 13, 14 


closure 655, 658, 819-20 
disadvantages 658 
surgical technique 658-9, 659 
transvaginal 658, 659 
development 7 
female 14, 16 
innervation 15-16, 212 
male 14, 50 
open 385, 447-9 
after pelvic surgery 249 
causes 385, 448 
imaging 447-9 
in LMN lesions 385 
in MSA 286, 288, 288 
reconstruction 652, 788 
complications 655 
indications and patient selection 654-5 
Krop procedure 652-3 
Pippi Salle procedure 653—4, 654 
results 655, 656-7 
Young-Dees-Leadbetter procedure 652 
role in ejaculation 131 
slings and wraps 643-7, 691, 817 
suspension procedures 817 
transurethral incision/resection 831 
‘wide bladder neck anomaly’ 448 


bladder outlet management 


bladder neck closure 658-9, 819-20 
hildren 815-20 

fascial sling procedures 817 

urethral bulking agents 638-9, 696, 816 
urethral lengthening 817, 818, 819 
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bladder outlet obstruction (BOO) 


AIDS patients 189 

diabetic cystopathy 155, 184 

management 830-1 

pressure-flow (P/Q) studies 503-5, 505 

prostatic 861-2, 861, 871-4, 873, 874 

ultrastructural changes 164, 168 

vesicourethral balance 800-1, 801, 804—5, 805, 809, 810-11 
see also detrusor-external sphincter dyssynergia (DESD) 


bladder outlet obstruction index (BOOI) 504, 505 
bladder overactivity (BO) 591 


dementia 263-4, 265, 269 
management 828-30, 830 
electrical stimulation 607, 829 
intravesical therapy 34, 582-8 
pharmacological 90, 828-9 
surgery 829-30 
transdermal oxybutynin 593-6, 593, 594 
MSA 285, 290 
physiological consequences 828 
vesicourethral balance 801-5, 802-5 
see also detrusor hyperreflexia; detrusor overactivity (DO) 


bladder patterns, changing, in MSA 289 
bladder perforation 647 
bladder relaxant drugs 570-4, 570, 828 
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flavoxate 573 

in MSA 290 

in multiple sclerosis 306, 571 
oxybutynin 269, 306, 571 
ropantheline 571 

ropiverine 269, 572-3 

solifenacin 306, 573—4 

tolterodine 290, 306, 571-2, 595, 828 
trospium 573 

der sensation 

in children 493 

in diabetes mellitus 184, 185 

in disc disease 155 
induction/improvement in IVES 624, 627, 628 
loss 328-9 

normal adults 502 

der stones 843-4 

composition 843 

iagnosis 843, 843 

imaging 444, 444 

intermittent catheterization 557 
suprapubic cystostomy 565-6 
treatment 843—4 

der storage pressure, see intravesical pressure 
der training 478 
myelomeningocele 775-7 

dder transection 856 

der tumor antigen (BTA) 922 

der tumors 844-5 

imaging 444-5, 445 

incidence and types 844 

risk factors 565, 844—5 

risk in SCI patients 922 

screening 559, 845 

dder underactivity, see detrusor underactivity 
dder wall 

changes in overactivity 176 

cystitis gladularis 442, 442 
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deformities 442-3, 444, 450, 840, 853, 853, 918, 927, 928 
in SCI 918 
significance 442-3, 853 
ischemia 178-9, 178 
normal cystoscopy 442, 442 
striated muscle flap 827 
blastula 5 
blood-brain barrier 221, 269, 721 
blood flow 
detrusor, and bladder compliance 199-200 
spinal cord 217, 223 
blood pressure 
augmentation in SCI 719 
autonomic dysreflexia 207, 210, 598, 599 
lowering 599-600 
mechanism of rises 208, 209-10 
B lymphocytes 295 
body image 684 
Boeck’s disease (sarcoidosis) 233—4 
bone marrow mononuclear cells 695 
Borrelia burgdorferi 157, 320 
asymptomatic infection 323—4 
demonstration in clinical specimens 322-3 
effects on urinary tract 324 
genospecies 323 
borreliosis, see Lyme disease 
Bors ice water test, see bladder-cooling test 
botulinum toxin 
detrusor 585-8, 630-3, 829, 855 
and bladder compliance 199 
indications 631 
method 631, 631 
in multiple sclerosis 307-9, 588 
in myelomeningocele 587-8 
results 631-3, 632 
external urinary sphincter 666, 830-1 
mode of action 34, 585, 631 
side-effects 632 
stroke-related incontinence 334-5 
types and intracellular substrates 585-6, 586, 631 
bowel ‘clean-out’ 782 
bowel dysfunction 779 
after sacral nerve stimulation 616 
assessment 415, 780-1 
cauda equina syndrome 350, 352 
management 
electrical stimulation 777, 778 
goals 780 
nonsurgical 781-2 
patient assessment 780-1 
surgical 782-4 
multiple sclerosis 885, 885 
prevalence and patterns 779 
psychosocial and developmental impacts 780 
and quality of life 779 
bowel irrigation solutions 784 
bowel obstruction, after urinary diversion 683 
bowel preparation, urinary diversion surgery 672 
bradycardia 207, 217, 383 
bradykinesia, sphincter 278, 874 
bradykinin receptor 213 
brain centers 
sexual function 119-20, 121-2, 134-6, 881-2 
urinary function 
brainstem/subcortical 17, 17, 67, 67, 81, 109, 110-11, 215, 
297, 329-30, 373-4, 375, 465-6, 466, 604 
cortical 110-11, 330, 373, 374, 378, 378, 466-71, 469 
functional MRI studies 466-71, 470-2 
imaging during urodynamic studies 466-73, 470-1 
pelvic floor muscles 65-8, 67 
brain-derived neurotrophic factor (BDNF) 71, 721 
brain tumors 150 
breastfeeding, after SCI 913, 913 
bremelanotide (PT-141) 130 
Bricker ileal conduit 675, 676 
Bricker’s syndrome 918 
Bricker ureterointestinal anastomoses 673, 673 
Brindley stimulator 198, 705-6, 856 
Brown-Sequard syndrome 361, 381 
bulbocavernosus muscles, EMG 516, 517 
bulbocavernosus reflex 604, 864 
assessment 520, 521 
cauda equina injury 188 
diabetic cystopathy 231-2 
disc prolapse 342 
elicitation 248 
herpes zoster infection 242 
bulbospongiosus muscles 
female 117, 117 
male 133, 134 
bulbourethral artery 126 
bulbourethral (Cowper’s) glands) 131 
bulking agents, urethral, see urethral bulking agents 
bupivacaine 601, 829 
Burch urethropexy 832 


calcitonin gene-related peptide (CGRP) 88, 104, 128, 130 
receptors 213 
calcium-calmodulin complex 45, 46 
calcium channel blockers 47, 531, 600, 601, 723, 725 
calcium channels 41-2 
L-type 42 
T-type 42 
urethra 53 
calcium fluxes 85, 127, 219-20, 220, 719 
smooth muscle contraction/relaxation 45-7, 46 
urethral contraction 53 
urothelium 26-7 
calcium-induced calcium release 45, 46, 47 
calculi, see bladder stones; urolithiasis 
caldesmon 45-6 
calpains (calcium-activated neutral proteases) 221 
calpeptin 221 
cancer, see tumors 
Candida spp. 840 
cannabis extracts 306 
capillary density, skeletal muscle 73 
capsaicin (CAP) 31, 104, 306-7, 829 
intravesical therapy 583-5, 588 
capsaicin receptor (TRPV1) 27, 31-2, 104-5, 583-4 
captopril 600 
carbachol 33 
bladder supersensitivity 173, 174, 175 
carbamazepine 401 
carbohydrate-deficient transferrin (CDT) 235 
carbon monoxide 53, 94 
carnitine acetyltransferase 33 
case reports, tethered cord syndrome 368-9, 369, 370 
catalase 218 
catecholamines 376 
catheterization 
and bladder compliance 197-8 
in children 812-13 
cystoscopic evaluation 444-5, 445 
dementia/elderly pateints 270 
following stroke 333 
in-and-out 451 
in multiple sclerosis 305, 308, 309 
pregnancy after SCI 912 
SCI patients 919, 921 
prevention of AD 599 
see also clean intermittent catheterization (CIC); intermittent 
catheterization (IC) 
catheters 558-9 
children 475, 476, 487 
condom 559, 854 
indwelling 
and bladder compliance 197-8 
complications 670, 854, 855, 919, 921, 922 
cystoscopic evaluation 444-5, 445 
latex 812 
suprapubic 558-9 
transurethral 558-9 
types and materials 553—4 
cauda equina 215 
anatomy 345-6, 345, 346, 347 
electrophysiologic testing 188, 516, 517, 522, 525-6 
cauda equina lesions 
and bladder compliance 198 
detrusor underactivity 186, 187-9 
treatment of voiding dysfunction 188-9 
cauda equina syndrome 155, 338, 381 
clinical symptoms/signs 349-51 
defined 345 
epidemiology 347 
etiology 347-9 
investigations 351-2 
management 353 
outcome 353-4, 353 
pathophysiology 346-7 
types 347 
urological manifestations 340, 341 
cavernosal arteries 126 
cavernosus nerve 126 
cecostomy 783 
Malone type 687 
cefotetan 673 
cefoxitin 673 
ceftin 324 
ceftriaxone 324, 325 
cell culture, smooth muscle cells 695 
cell death 220-1, 720-1 
necrosis 220 
cell junctions, smooth muscle 164, 165, 165, 169, 173-4 
cell membranes, damage in SCI 218-19 
cell therapies 
detrusor myogenic failure 192-3 
muscular dystrophy 697 
spinal cord injury 722 
urethral rhabdosphincter insufficiency 696-701 
Center for Evidence Based Medicine 949 


central cord syndrome 154, 381 
central nervous system (CNS) 513-14 
female sexual response 119-20, 121-2 
imaging 449 
immune privilege 221 
neuroanatomy 374-6 
neuropharmacology 376-7 
see also brain centers; spinal cord 
cerebellar ataxia 150, 392-3 
cerebellar signs 317 
cerebellar vermis activation 286, 287 
cerebellum 332, 373 
cerebral atrophy, Alzheimer’s disease 258 
cerebral palsy 150-1, 390-2 
cerebral shock 149, 190, 328 
cerebral somatosensory evoked potentials (SEPs) 523-4 
cerebral tumors 150 
cerebrospinal fluid (CSF) 
analysis in multiple sclerosis 297, 298, 302 
leakage after posterior rhizotomy 615-16 
cerebrovascular accident (CVA/stroke) 149-50 
causes 149 
epidemiology 149, 327-8 
history 413 
neuroanatomy and imaging 329-32, 331 
presentation 328 
sexual dysfunction 886-7 
urinary dysfunction 
acute retention (cerebral shock) 149, 190, 328 
bladder overactivity 378 
bladder overactivity with prostatic obstruction 872, 875 
incontinence 149-50, 256, 262, 328-9 
striated muscle function 75 
treatment 333-5, 334 
urodynamics 332-3, 333 
cervical spondylosis 159 
cervix 119 
cesarean section 913 
C-fiber afferents 31, 83, 103-4, 111, 112, 182, 374-5, 382, 584 
and bladder compliance 199 
bladder overactivity 178, 182 
c-fos 121-2, 129 
CGRP (calcitonin gene-related peptide) 88, 104, 128, 130, 213 
chemokines 221 
chemotherapy 252, 682 
childbirth, after SCI 912-13, 914 
children 
acquisition of bladder control 484-5 
anticholinergic medications 812-13 
bladder capacity 478, 481, 490-1, 490, 502 
prediction 487-8 
bladder outlet management 815-20 
clinical history 925-6 
development of bladder function 483-4 
mother with SCI 914 
physical examination 926 
quality of life evaluation 926 
SCI 918 
tethered cord syndrome 364, 368-70, 369, 370 
transverse myelitis 313-16 
urinary diversion 813, 814 
urodynamics 481, 927 
age and problems/fear of procedure 486 
classification of spina bifida 493, 493, 495 
common patterns in neurogenic bladder 494-6, 495 
cystometry 487-8 
follow-up 927 
history 483 
indications 485 
natural fill (ambulatory) cystometry 489-90 
normal parameters 490-3 
normal values 478 
observation of continence 493 
pad-weighing tests 435, 487 
pelvic EMG 487 
postvoid residual urine 487 
preparation and handling of child 485, 486 
uroflowmetry 486 
see also childhood and congenital conditions, e.g. cerebral palsy; 
myelomeningocele 
Chlamydia pneumoniae 295 
chloride channels 42 
chlorpromazine 531 
choline acetyltransferase (ChAT) 28-9, 34 
cholinergic agonists 855 
central, peripheral nervous system effects 267-8 
dementia 267-8, 268 
olinergic nerves 
bladder 84-5 
urethral smooth muscle 91 
olinergic receptors, see muscarinic receptors 
ondroitinase ABC 721 
ondroitin sulfate 693 
Christmas Tree’ bladder 450, 450, 839, 840, 927 
romolysis 236 
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cidofovir 320 conus terminalis 345 cytokines 221, 222, 720, 901 
cigarette smoking 738, 741 copeptidergic axons 169 cytomegalovirus (CMV) infection 393 
circadian rhythms corpora cavernosa 126 
arginine vasopressin 290, 291 injections in erectile dysfunction 891, 891, 895, 895 lanazol 318 
blood pressure 209 corpus callosum, agenesis 754 Dandy-Walker syndrome 754 
Citrobacter 556 corpus spongiosum 15 lantrolene 308, 577 
clam cystoplasty 636 cortical brain areas 110-11, 330, 373, 374, 378, 378, 466-71, 469 larifenacine 269, 306, 828 
classification of neurogenic bladder 537, 825-6, 826 electrophysiological testing 522-3 artos reflex 524 
ladder outlet obstruction 543—4 model of urinary control 467, 469 eafferentiation 
consequences of disorders 546, 547 elvic floor muscle control 67-8 sacral roots 198, 636, 705-6 
disorder, consequences, comorbidity 540-1, 541 corticosteroids, spinal cord injury 722-4, 723 see also rhizotomy, sacral 
female incontinence 544-5, 545 counseling lecompression, surgical, cauda equina 353, 353 
functional 455-6, 455 erectile dysfunction 893 eep brain stimulation, subthalamic nucleus 276, 279 
armonic/disharmonic micturition cycle 542 regnancy after SCI 911 efecation reflex 782 
LUT/nervous system balance 539-40, 539 Cowper’s glands 131 efinition of neurogenic bladder 149 
LUT overactivity 545-6, 546 CPPene 605 Deflux 765, 765 
and micturition cycle 538-9, 538 creatine kinase 62 lementia 
nervous system involvement 540, 540 creatinine clearance 672, 790 Alzheimer’s disease 258, 258 
atterns of recognition 541-2, 541 creatinine, serum 302, 768, 790, 920, 926 Lewy bodies (DLB) 258, 259 
stress incontinence 448 Credé’s maneuver 185, 189, 308, 553, 831 management of urinary incontinence 266-71 
structure and function-based 537-8, 537, 546-7 myelomeningocele newborn 763, 765 mechanisms of urinary incontinence 261-6 
claudins 22-3 cremasteric reflex 416 bladder overactivity 263-4, 265 
clean intermittent catheterization (CIC) 553-7, 558, 826-7, 854 CVA, see cerebrovascular accident bladder underactivity 264-6 
catheter types/materials 553-4, 854 cyclic AMP (cAMP) 26, 42, 90, 93, 127, 721 drug-induced problems 266 
children 812 cyclic GMP (cGMP) 90, 93, 127, 128, 888 functional 261-2, 261, 262 
comparison with suprapubic cystostomy 566 cyclic GMP (cGMP)-dependent protein kinase 93 nocturnal polyuria 266 
complications 556-7, 558, 854 cyclooxygenases (COX) 89 stress incontinence 266 
dementia/elderly pateints 270 COX-1 218 prevalence of urinary incontinince 256-7, 257 
infection rates 839-40 COX-2 218-19 vascular (multi-infarct) 257, 259, 260, 264 
in multiple sclerosis 305, 308, 309 COX-2 inhibitors 89 dementia with Lewy bodies (DLB) 258, 259, 261-2, 264, 268-9 
myelomingocele 787 cyclophosphamide 33 demyelination 
outcomes of use 553, 554 cyproheptadine 407 in multiple sclerosis 294-5, 298 
patient difficulties 564, 670 cystectomy, partial 827 porphyrias 236 
prevention of upper tract damage 854, 855 cystitis 89, 841 denervation, bladder, therapeutic 307 
techniques 554—5 interstitial, pathological mechanisms 23—4, 26, 31, 34-5 Denonviller’s fascia 250 
clitoral nerve, electrical stimulation 706-7, 707 suprapubic cystostomy 568 depression 
clitoris cystitis follicularis 442, 443, 845 after CVA 329 
anatomy 117 cystitis gladularis 442, 442, 845 after SCI 557 
development 8, 9 cystography in dementia 262 
peripheral innervation 119 children 927, 928 parkinsonism 886 
sexual arousal 120-1 myelomeningocele 768 DESD, see detrusor-external sphincter dyssynergia 
spinal neurons 119 sacral agenesis 447, 447, 448 desmopressin 270, 291, 307 
clitoro-cavernosus reflex 520-1, 525-6 upper urinary tract damage 851 detrusor areflexia 
cloaca, development 5—6, 6 vesicoureteral reflux 447, 448, 928 after abdominoperineal resection 249 
clonidine 92 cystometrography 457-61 intervertebral disc prolapse 340, 342 
Clostridium botulinum 585 cauda equina injury 188 with low bladder compliance 864, 865 
Cnidaria, electrical stimulation 624 CVA 332-3, 333 pharmacological therapy 855 
Cobb syndrome 394 filling phase 457-9, 458 detrusorectomy, partial 829 
coccygeal medullary vestige 364 intervertebral disc prolapse 340-1, 341 detrusor-external sphincter dyssynergia (DESD) 
cognitive control of voiding 330 myelomeningocele 764 after CVA 150, 333 
cognitive impairment 151 storage parameters 459, 459 and autonomic dysreflexia 207, 209-10 
after stroke 262 voiding phase 459-61, 460, 461 causes 862-3 
and anticholinergic agents 269, 290 cystometry cerebellospinal ataxia 393, 393 
see also dementia ambulatory 489-90, 587 cerebral palsy 391-2, 391 
collagen 694 children 487-90 children 206 
bladder wall 918 discomfort/pain 493 normal phenomenon 484, 484 
detrusor 199 natural fill 489-90 clinical impact 205-6, 205 
periurethral injection 638, 639, 833 normal 494 cystometry 494, 495 
colocystoplasty, in children 813, 815 detrusor overactivity 494, 495, 496 diagnosis 203-4, 460-1, 461, 863, 869, 869 
colon conduit 675 detrusor-sphincter dyssynergia 494, 495 differential diagnosis 204 
color flow Doppler 532, 850 detrusor underactivity 495, 495 distinction from prostatic obstruction 869-71, 870, 871 
colostomy 784 diabetic neurogenic bladder 231-2, 232 HAM/TSP 317-18 
coma 377-8 low compliant bladder 495, 495 multiple sclerosis 302-3, 303, 307, 308-9 
compound motor action potential (CMAP) 521-3 maximum bladder capacity 502 multiple system atrophy 286, 287, 288 
computed tomography (CT) normal adult values 501-2, 501 myelomeningocele 494, 496 
CNS 449 cystoplasty Parkinson’s disease 152, 204, 278 
combined with myelography (CT-MG) 351, 366 augmentation see bladder augmentation pathophysiology 202-3 
upper urinary tract 452 clam 636 patterns 863, 864 
computer software, voiding diary 420 cystoscope prevalence 204 
concentric needle electromyography (CNEMG) 507-8 flexible 440, 440 spinal cord injury 154, 204, 382-3, 382, 921 
cauda equina lesions 352, 516, 517, 525-6 rigid 440, 440 treatment 660-5, 869 
comparison with single fiber EMG 519 cystoscopy pharmacological 575-8, 575 
conus medullaris lesions 525-6 bladder stones 843, 843 sacral nerve stimulation 617-18 
information provided by 512 cauda equina syndrome 351 sphincterotomy 660, 661-3, 662 
isolated urinary retention in women 526 detection of upper tract damage 853, 853 urethral stenting 442, 660-1, 663-5, 664 
condom catheters 559, 854 lumbar disc prolapse 340 types 204, 204 
congenital disorders cystostomy upper urinary tract damage 848 
causing cauda equina syndrome 347, 348 adult myelomeningocele 788 urinary tract infection risk 842, 842 
and maternal antiepileptic drugs 740, 745, 745 suprapubic, see suprapubic cystostomy detrusor hyperreflexia 704, 704 
and maternal nutrition 739, 741 trans-appendicular continent (Mitrofanoff principle) after CVA 150, 332, 334-5 
see also named congenital disorders 678-9, 680 after SCI 921 
connective tissue, non-compliant bladder 199 advantages 679, 692 cerebellar disorders 393 
connexins 49, 174 complications 691-2 cerebral palsy 391, 391 
constipation post operative care 690 intervertebral disc prolapse 340 
cauda equina syndrome 350, 350 specific problems/solutions 691-2, 691 multiple sclerosis 302-3, 303, 304-9, 304-6, 307 
myelomeningocele techniques techniques 686-9, 690 Parkinson’s disease 152 
electrotherapy 777, 778 cystourethrography treatment 
prevalence 779 iced 450 and bladder compliance 198 
continence upper tract disorders 851 electrical stimulation 607 
mechanisms 603 voiding (VCUG) 442, 456 pharmacological 704, 855 
see also guarding reflex detrusor-sphincter dyssynergia 204, 205 sacral root stimulation (neuromodulation) 307, 
conus medullaris 338, 345—6, 345, 346 tethered cord syndrome 368, 369 309, 706-9 
lesions 198, 525-6 urethral diverticulum 841 upper urinary tract damage 848 
tethered cord syndrome 367 cystourethroscopy 456-7, 532-3 detrusor-internal sphincter dyssynergia 461, 461 
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detrusor muscle jiastemetomyelia 366 incontinent elderly/dementia patient 270 
action potentials 43, 44 iazepam 308 intravesical (IVES) 552, 605, 827, 855 
anatomy 14 iencephalon 298 history of use 624 
atropine-resistant excitation 48 iet mode of action 624, 625 
cell coupling 43, 171, 174 maternal and NTD prevention 739, 741-2, 746 myelomeningocele 771, 772-7, 788 
collagen 199 and upper urinary tract disorders 855 results 625-7, 627 
contraction 50 ihydrotestosterone (DHT) 860 technique 624-5, 626, 627 

cell physiology 43-6, 44, 46 limercaptosuccinic acid (DMSA) renal scan, myelomeningocele 764 peripheral (functional) 604, 621-2 

impaired 163, 264—6, 286, 862, 863 isc prolapse, see intervertebral disc prolapse clinical techniques 606 

normal 172 lisruptive muscle cell degeneration 165, 165, 169 mechanisms 604—5 
development 7-8, 8 istal urethral electrical conductance test (DUEC) 435 in neurogenic urinary dysfunctions 607-8 
EMG 524-5 isuliram 236 posterior tibial nerve 604, 606 
innervation 48-9 iverticulae randomized controlled trials 606-7 
ion channels 41-2 bladder wall 442-3, 444, 450, 840, 927, 928 sacral nerves 191-2, 610, 705-6, 705 
ischemia, and bladder compliance 199-200 urethra 841, 841 after CVA 335 
membrane receptors 40-1, 84-7, 188, 213, 213, 290-1 DLB, see dementia with Lewy bodies in ATM 315 
metabolism 47 DMSA scan, see dimercaptosuccinic acid (DMSA) renal scan with posterior rhizotomy 611-18, 612, 613, 705—6, 856 
myofibroblasts 49, 49 locusate sodium mini enema 782 see also neuromodulation 
myoplasty 827 lomperidone 279 electrocautery, sphincterotomy 661 
normal physiology 171-2, 172 lonepezil hydrochloride 267-8, 268 electroejaculation (EEJ) 897, 898 
normal properties 172, 172 lopamine agonists in assisted reproduction 903, 904, 907 
peripheral autonomous module hypothesis 50, 51 D,-selective 276 electroencephalography (EEG) 
relaxation 46-7 and detrusor overactivity 278-9 epilepsy 400 
second messenger systems 42-3 multiple system atrophy 291 myelomeningocele neonate/infant 771 
spontaneous activity 47-8, 47, 172, 172-3, 172, 173, 174 Parkinson’s disease 276, 278-9 electromyography (EMG) 
supersensitivity 173, 174, 175, 264, 289, 341, 384 lopamine antagonists, Parkinson’s disease 279 cauda equina injury 188 

detrusor myogenic failure 192-3 lopamine (DA) 377 cauda equina lesions 188, 352, 525-6 

detrusor overactivity (DO) 862 female sexual response 124 concentric needle (CNEMG) 507-8, 515-18, 519 
AIDS 189 male sexual response 129, 135 conus medullaris lesions 525-6 
ATM 315 lopamine receptors 275, 291 isolated urinary retention in women 526 
bladder wall changes 176 basal ganglia 275, 275, 276, 277 detrusor 524-5 
definition 171, 263 D, 275, 277 detrusor-sphincter dyssynergia 204, 204, 460-1, 461 
diabetes mellitus 184, 231, 232 D, 275, 276, 277, 279 diabetic cystopathy 231, 232 
HAM/TSP 317-18 D; 276 disc prolapse 341, 342 
head injury, suprapontine 378-9 in Parkinson’s disease 74, 151 external anal sphincter 341, 515 
Huntington’s disease 279 dopaminergic systems external urethral sphincter 507 
with impaired detrusor contractility 264-6, 286, 862, 863 and micturition reflex 276-7, 277 in children 492 
management Parkinson's disease 275-6, 277, 279 in MSA 289 

autoaugmentation 633-5 Doppler ultrasound kinesiologic 515 
botulinum toxin 34, 585-8, 630-3, 829, 855 erectile dysfunction 889 pelvic floor, in children 476, 476-7, 477, 480, 487 
dopamine agonists 278-9 vesico-ureteric reflux 532, 850 single-fiber (SFEMG) 508, 519 
functional electrical stimulation 607 Dormicum (midazolam) 485-6 electrophysiologic tests 
intravesical oxybutynin 495, 496 orsal gray commissure (DGC) 117 autonomic nervous system 524—5 
pharmacological therapy 570-4 lorsal penile artery 126 cauda equina lesions 525-6 
physiotherapy 551-2 lorsal penile nerve 126, 131, 882 central motor pathways 522-3 
Parkinson's disease 278-9 electrical stimulation 128, 133, 706-7, 707 classification 514-15 
pathophysiology 31-2, 172-3, 172-9, 173 electroneurography 523 clinical assessment 512-13 
patterns 862, 862, 863 Down syndrome 151, 739, 741, 745 conus medullaris lesions 525-6 
spinal cord injury 381-2 loxazosin 308, 574, 577 isolated urinary retention in women 526 
symptoms syndrome 171 loxycycline 324 limitations 513 
ultrastructural changes 164-5, 173-4 rug development 578 parkinsonism 525 
urodynamic assessemnt 451, 464-5, 464 rug interactions 290-1 principles 514 
variability in 464-5, 464 rugs pudendal nerve lesions 526 
videourodynamics 451 with anticholinergic properties 414 research interest 526-7 

detrusor underactivity (DU) antiepileptic 401, 740, 745, 745 sacral motor system 521-3 
after CVA 190 causing incontinence 266 sacral plexus lesions 526 
definition 182 see also pharmacologic treatments and named drugs sacral reflexes 519-21, 520 
diabetes mellitus 183-6, 231, 232 ry mouth, oxybutynin therapy 591, 594-5, 595 sacral sensory system 523—4 
elderly/demented patient 264-6 DSD, see detrusor-external sphincter dyssynergia (DESD); unique data provided by 512 
infectious neurologic disorders 189-90 detrusor-internal sphincter dyssynergia usefulness of 511-12 
management 188-9, 826-8, 828 Duchenne muscular dystrophy 398-9, 398 see also electromyography (EMG) 

hysiotherapy 552 cell therapy 697 embryology 

multiple sclerosis 190-1, 303, 303, 306, 307 uctus deferens 130, 131 bladder 7-8, 8 

treatment 309 uloxetine 53, 334 cloaca 5-6, 6 
myelomeningocele 495, 495 uplex Doppler sonography 889 external sphincter 9-10, 10 
myogenic damage/degeneration 192-3 lynorphin 724 germ layers 5, 5 
Parkinson’s disease 191 lystrophin 398, 399 lower urinary tract innervation 10-11, 11 
systemic sclerosis 191 molecular biology 11-12 
vesicourethral balance 805-9, 806-9 EAS, see external anal sphincter myogenesis 7-8, 8, 697 

development economic costs tethered cord syndrome 364 

child neural tube defects 748 trigone 6-7, 7 
and bladder capacity 490-1, 490 spinal cord injuries 717 urethra 8-9, 10 
bladder control 484-5 ectoderm 5 emepromium bromide 341 
ladder function 483—4 edema, spinal cord 223 EMG, see electromyography 
impacts of bowel dysfunction 780 Edwin Smith papyrus 825 emotional control of micturition 17, 465, 466 
postnatal, and bladder reflexes 111-12, 112 effective renal plasma flow (ERPF) 920 and urodynamic studies 466, 472 

dexamethasone, spinal cord injury 723 ejaculation 130-5 emotional wellbeing 329, 885 

diabetes mellitus 154-5, 413-14 failure (anejaculation), treatments 896-8, 896-8 encephalocele 749 
combined detrusor overactivity and BPH 873 peripheral neural pathways 131-4, 132, 136 endoderm 5 
cystopathy 154-5, 183-6 purposes in men with SCI 896 endorphins 223 

gene therapy 186, 579 retrograde 904 endothelial cells, vascular 218 
investigations 184-5, 185, 230-3 sexual organs involved in 130-1 endothelin receptors 88 
pathogenesis 184 spinal and supraspinal control 134-6, 136-7, 881-2 endothelins 88, 128 
prevalence 230 triggering events 134 enemas 782 
treatment 185-6, 233 elastins 694 Malone antegrade 783—4 
detrusor myogenic failure 192 elderly enkephalin 213 
diagnosis 233 catheterization 270 Enterobacter aerogenes 842 
epidemiology 229 continence, prerequisites for 261 Enterococci spp. 840 
erectile dysfunction 888 pad-weighing tests 438 enterocystoplasty 829, 856 
maternal, and NTD risk 740 urinary diversion 672 adult myelomeningocele 788, 789 
peripheral neuropathy 154, 229, 229, 230, 233 see also dementia compared to autoaugmentation 635 
treatment 233 electrical sensory threshold (EST) 502 seromuscular 815, 816 
type 1 229, 233 electrical stimulation 610, 621-2 enuresis, in multiple sclerosis 307 
type 2 229, 233 anal/rectal 604, 777, 778 EP1 receptor 89 


diacylglycerol 230 deep brain 276, 279 ependymoma, spinal 358, 358, 360 


954 Index 


ephedrine 815-16 
epidermal growth factor receptors (EGFR) 27-8, 28 
epididymis 130 
epididymitis 558, 841, 920 
epididymo-orchitis 557 
epidural anesthesia 349 
epidural venous pressure 408, 409 
epilepsy 399-402 
ictal urinary urge 400 
micturition-induced reflex 400-1 
Panayiotopoulos syndrome 400 
seizure classification 399 
sexual functioning 887 
urinary symptoms 399-400 
treatment 401-2 
Epstein-Barr virus (EBV) 295 
erectile dysfunction 
definition 888 
etiologies of organic 129, 888-9, 889 
evaluation 889 
multiple sclerosis 889, 893 
multiple system atrophy 284, 285 
myelomeningocele 791 
pathophysiology 888-9 
prevalence 888 
psychogenic 889 
sexual counseling 893 
treatment 889-90, 890, 895, 896 
intracavernosal injections 891-2, 892 
intraurethral therapy 891 
oral agents 890-1 
penile prostheses 892 
vacuum constriction devices 892 
erythema migrans (EM) 320-1, 322 
erythrocyte sedimentation rate 234 
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estradiol 124 
estrogens 122, 124 
ESWL (extracorporeal shock wave lithotropsy) 207, 844 
ethanol, metabolism and cellular effects 235 
ethics cases 
analytical grid 940 
decision-making 940-1 
ethnicity, and neural tube defects 736, 736, 738 
European Association of Urology 950 
evernimicin 323 
evidence-based medicine, levels of evidence 949 
evoked pressure curve (EPC) 352 
excitotoxins 221, 719 
inhibitors 723, 725 
exercise 782 
exocytosis, urothelial umbrella cells 24-8, 25 
Expanded Disability Symptoms Score (EDSS) 413 
expanded paper towel test 436 
exstrophy-epispadias complex 641, 651, 654, 655, 657, 666 
external anal sphincter (EAS) 
EMG 515-18, 519 
cauda equina/conus medullaris lesions 516, 517, 525-6 
isc prolapse 341 
kinesiologic 515 
in MSA 278, 289, 525 
in PD 278, 525 
techniques 516 
motor evoked potentials (MEPs) 521-3 
external sphincterotomy, see sphincterotomy 
external urethral sphincter (EUS) 
anatomy 14, 14 
balloon dilatation 665 
botulinum toxin injection 666, 830-1 
denervation, in MSA 288-9, 289 
development 9-10, 10 
injury/destruction 188, 189 
innervation 11, 247, 346, 514 
insufficiency 
after CVA 332 
cell therapy 696-701 
striated muscle 59-60, 61, 603, 699 
uninhibited relaxation (USR) 264, 285-6, 287, 333 
extracellular matrix (ECM) 693-4 
extracorporeal shock wave lithotropsy (ESWL) 844 


fascial sling 643-7, 691, 817 
advantages 643 
complications 647 
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disadvantages 643 
indications and patient selection 644 
results 645, 646, 647 
surgical techniques 644-5, 645 
fascicles, muscle cell 163, 164 
FAS-mediated apoptosis 720 
fatigue 885 
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fecal incontinence 
cauda equina syndrome 350, 350 
prevalence 779 
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female genitalia 


erip 


anatomy 116-17, 117 


heral innervation 117-19, 118 


female sexual response 


centri 


erip 


al control 121-2, 123 


ormonal control 122-4 
neurochemicals 124—5, 136-7 


heral physiological changes 120-1, 136 


hases 116 


spinal and supraspinal centers 119-20, 136 
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male, after SCI 895, 898-901, 899, 900, 901 
fiber, dietary 742 
fibronectin 694 
fibrosis, bladder wall 918 
filum (filum terminale) 345-6 
inelastic 364, 367 
traction studies 364, 365 
tumor 358, 359, 360 
Fintech-Brindley sacral anterior root stimulator 705, 707 
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flap valve, urinary diversion 677 
flavoxate 269, 573 
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flow rate 


ge 500, 500, 501 


maximal (Qyax) 500, 500, 501 
flow rate curve, normal 500 
flow time, normal 500-1, 500 
fluid intake, and bowel function 782 
fluorescein isothiocyanate (FITC) 585 
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folic acid 
chemical structure 735 
consumption and plasma levels 742, 742, 743 
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myelomeningocele 
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infant/child 767-8, 767 
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as diagnostic tool 424-5 
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nocturnal polyuria 426-7, 428 
normal 425, 425 
olyuria 425-6, 426 


sensory urgency 427-8, 429 
Friedreich’s ataxia 392 
frontal lobe stroke 331-2, 331, 333 
frontal lobe syndrome 150 
fronto-parietal-temporal lobe stroke 331, 331 
functional electrical stimulation (FES) 604, 621-2 
carry-over effect 605 
clinial techniques 606 
defined 610 
mode of action 604-5 
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randomized controlled trials 606-7 
functional incontinence 261-2, 261, 262 
functional independence measure (FIM) 329, 725 
Funtional Independence Measure 262 


gabapentin 401, 401 
gacyclidine 723, 725 
gait disorders 
dementia 269 
in MSA 284, 285 
galanin 48 
gamma-aminobutyric acid (GABA) 124, 236-7, 274, 275, 275, 377, 401 
gamma-glutamyl transferase (GGT) 235 
ganglionic-blocking agents 601 
gangliosides 723, 724 
gap-junction proteins (connexins) 49, 174 
gap junctions 
detrusor 49 
penile smooth muscle 127 
Gardner’s theory, syringomelia 406 
gastrocystoplasty 813-14, 815 
Gelfoam 349 
gender differences 
bladder neck 14, 16, 50 
external urethral sphincter structure 60 
incontinence in dementia 257 
multiple sclerosis 301 
SCI 
incidence 895 
urologic complications 918-19 
urethral smooth muscle innervation 247 
gene therapy 
detrusor myogenic failure 192-3 
diabetic polyneuropathy/cystopathy 186, 579 
genetics, multiple sclerosis 295 
genital reflexes 889 
genital tubercle 8 
genitofemoral nerve 347 
germ layers, development 5, 5 
giant cells, multinucleated 233 
GIFT (gamete intrafallopian transfer) 904, 906 
Givec 177 
ans penis 126, 131 
ial cell line-derived neurotrophic factor (GDNF) 186 
ial scar 721 
obus pallidus 274, 275, 276 
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lomerular filtration rate (GFR) 848 
lucose 
fasting plasma 233 
intracellular 230 
random blood 233 
tissue levels 222 
lutamate 124, 401, 719 
uteal artery 15 
lyceryl trinitrate 600 
glycosaminoglycans (GAGs) 693 
GPi-SNpr complex 275, 275 
G-proteins 42-3 
granuloma, sarcoid 234 
gray matter, hemorrhages in SCI 218, 219 
guarding reflex 107, 182-3, 183, 192 
suppression 191, 192 
Guillain-Barré syndrome 156, 190, 244 


qa 99, qa ga, aa, oa, aa 


qa 99, 08 


H-89 26 
HAM, see human T-cell lymphotrophic virus type 1-associated 
myelopathy 
hand function, assessment 416 
head injury 377-80 
suprapontine neurogenic detrusor overactivity 378-9 
healthcare providers 
awareness of antiepileptic drugs and NTD 746, 748, 748 
awareness of folic acid and NTD prevention 746, 747 
Heerfordt—Waldenstrém syndrome 234 
hemangioblastoma 359 
hematuria 866, 922 
heme metabolism 236, 237 
hemi-Kock enterocystoplasty 679-80, 681 
hemispatial neglect 262 
hemodialysis 853, 857 
heparan sulfate 693 
hepatitis, dantrolene therapy 577 
hereditary coproporphyria (HCP) 236, 237 
hernia, stoma 683 
heroin 125 
herpes simplex virus (HSV) infection 190, 242-3 
herpes simplex virus (HSV)-NGF gene therapy 186 
herpes virus family 241 
herpes zoster infection 156, 190, 241-2, 361, 413-14 
hexamethonium 34 
hexosamine pathway 230 
highly active antiretroviral therapy 320 
Hinman’s syndrome 159 
hippocampus, atrophy in Alzheimer’s disease 258, 258 
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Hippocratic Oath 939 
histamine H; receptors 41 
histamine receptors 213 
history 413-16, 456 
children 925-6 
prior to urodynamic studies 475-6 
and electrophysiologic testing 512-13 
lower urinary tract symptoms 414-15 
medical 414, 414 
neurological disease 413-14 
nongenitourinary systems 415-16 
sexual function 886 
Hodgkin’s disease 349 
homocysteine levels, pregnant women 737 
homocysteine—-methionine metabolism 735-6, 736 
Hooke’s law 197 
hormone replacement therapy, transdermal 592 
hospital readmissions, SCI 718, 917 
HTLV-1-associated myelopathy (HAM) 156-7 
human herpesvirus 6 (HHV-6) 295 
human immunodeficiency virus (HIV) infection 393 
human T-lymphotrophic virus (HTLV) 156-7 
type 1 (HTLV-1) 316 
associated myelopathy (HAM) 316-19 
type 2 (HTLV-2) 316 
Huntington’s disease 279 
hyaluronic acid 693-4 
hydralazine 601 
hydrocephalus 
fetal 754, 755 
normal pressure (NPH) 150, 259 
hydronephrosis 452, 670 
in BPH 866 
neural tube defects 849 
risk 392 
ultrasonography 927, 927 
hydroureteronephrosis 764 
hydroxyapatite 220 
hydroxyl radicals 218 
hyoscine (scopolamine) 269 
hypercarbia 719 
hyperglycemia 230 
hypertension 
autonomic dysreflexia 207, 210, 598, 599 
mechanisms 208, 209-10 
therapeutic in SCI 719 
hyperthermia, maternal 740-1 
hy] ogastric nerve 15-16, 83, 83, 246, 247, 299 
female genitalia innervation 119 
transection, and bladder compliance 200 
hyponatremia, porphyrias 237-8 
hypospadias surgery 478 
hypotension 
autonomic dysreflexia 600 
in SCI 217, 223 
hypothalamus 
breastfeeding 913, 913 
paraventricular nucleus (PVN) 122, 881 
sexual function 120, 122, 123, 124, 125, 129 
urinary function 67-8, 373, 466 
ventromedial (VMH) 122, 123, 124, 125 
hysterectomy 
radical 158-9, 187, 250-1 
‘nerve-sparing’ technique 250 
postoperative bladder dysfunction 250-1 
simple, supracervical 251 


iatrogenic nerve injury 850 
cauda equina 349 
management 253 
pelvic surgery 247-8 
abdominoperineal section 249-50 
evaluation 248-9 
hysterectomy 250-1 
radical prostatectomy 251 
ureteral reimplantation 251-2 
posterior rhizotomy 615 
radiation therapy 252-3 
iced cystourethrography 450 
ice water test (bladder cooling test) 33, 178, 352, 488, 492 
ictal urinary urge 400 
ilcocecal conduit 675 
ileal conduit 308, 675, 676, 856 
ileal reservoir, continent (Kock pouch) 677, 678, 679 
ileal vesicostomy 308, 675-6, 676 
ileocecal conduit 675 
ileocystoplasty, children 813, 815 
iliohypogastric nerve 347 
ilioinguinal nerve 347 
imipramine 333-4, 574 
immune system, spinal cord injury 221-2, 901 
immunocompromise, PML 319-20 
immunoglobulin, intravenous 244 
impaired detrusor contractrility (IDC) 264-6, 286, 862, 863 
ultrastructure 163 
see also acontractile detrusor 
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after CVA 149, 256, 262, 328-9, 333-5 
after radiation therapy 253 
after radical prostatecomy 189, 251 
assessment 415 
in BPH, differential diagnosis 875-7, 876, 877 
cauda equina syndrome 350, 350 
cerebral palsy 390-1 
definition 256, 433 
dementia 
etiology 257-9 
management 266-71 
mechanisms 261-6, 261, 265 
revalence rates 256-7, 257 
drug-induced 266 
epilepsy 399-400 
functional 261-2, 261, 262 
management 
cell therapy 699-701, 700 
in MMC 788-90 
eriurethal injections 638-43, 696, 833 
eriurethral injections 833 
harmacologic therapy 574 
surgical 643-7, 691, 817, 832-4, 834 
mixed 808-9, 809 
normal pressure hydrocephalus 150 
overflow, presentation 415 
Parkinson’s disease 74—5, 277-8 
prevalence in general population 328 
quality of life issues 433, 790 
reflex 704 
conditional neuromodulation 707-9, 709 
sphincteric 864, 865, 876-7, 876 
tethered cord syndrome 367-71 
unmanageable, impacts 670 
Incontinence Impact Questionnaire 595, 596 
Indiana pouch 677, 677, 678, 788 
indwelling catheter 
and bladder compliance 197-8 
complications 670, 854, 855, 919, 921, 922 
cystoscopic evaluation 444-5, 445 
and upper urinary tract damage 854 
infections 
artificial sphincter placement 650 
multiple sclerosis pathogenesis 295 
urinary diversion 682 
see also infectious disorders; urinary tract infections (UTIs) 
infectious disorders 
causing cauda equina syndrome 349 
causing detrusor underactivity/acontractile 
detrusor 189-90 
HAM/TSP 316-19 
herpes simplex 190, 242-3 
herpes zoster 156, 190, 241-2 
Lyme borreliosis 157, 190, 320-5 
neurosyphilis 243-4 
PML 319-20 
inflammation 
causing cauda equina syndrome 349 
SCI 221-2, 720 
Ingelman—Sundberg bladder denervation 635 
inositol triphosphate (IP) 42 
insemination 
intrauterine 903-5, 903, 904 
intravaginal 902-3, 903 
institutional residents, dementia 256, 262, 264 
insula 330, 467, 468-9, 469 
insulin-like growth factor-1 (IGF-1) 73 
integrins 694 
intelligence quota (IQ) 390-1 
interference pattern (IP) 352 
interleukin 1-B (IL-1) 720 
interleukin-10 (IL-10) 222 
intermittent catheterization (IC) 553-7, 854 
catheter types/materials 553-4 
complications 556-7, 558, 854 
frequency 555 
outcomes of use 553, 554 
reasons for stopping 555, 556 
sterile 554 
techniques 554-5 
see also clean intermittent catheterization (CIC); intermitent 
self-catheterization 
intermittent self catheterization (ISC) 553-7 
catheter types/materials 553-4 
complications 556-7, 558 
reasons for stopping 555, 556 
social and psychological impact 555-6 
techniques 554-5 
internal urethral sphincter, see bladder neck 
International Children’s Continence Society (ICCS) 951 
International Consultation on Incontinence 
Questionnaire-Short Form (ICIQ-SF) 433 
International Continence Society (ICS) 
classification of voiding diaries 419-20 
definition of incontinence 256, 433 


good urodynamics practice report 950 
terminology standardization reports 949-50 
International Prostate Symptoms Score (IPSS) 278 

international urodynamic basic spinal cord injury data set 951 
interneuron pathways 109, 374 
interoception 330 
interrupted voiding, infants 484, 484 
intersitial cells of Cajal (ICC) 93 
interstitial cell of Cajal (ICC) 49 
interstitial cells 86, 93, 171, 177, 178 
interstitial cystitis (IC), pathogenic mechanisms 23-4, 26, 
31, 34-5 
intervertebral disc prolapse 155, 187, 337 
age and level of herniation 337 
cauda equina compression 348, 348 
cervical spine 337 
clinica history 413 
lumbar spine 155, 336-7, 336, 337, 340, 342 
postoperative results 342 
severity and length of neural compression 337 
thoracic spine 337-8 
types 348, 348 
urinary symptoms 339-40 
retention as sole symptom 342, 343 
urologic investigations 340-2, 341 
intestinal urinary reservoirs, terminology standardization 950 
intimate cell appositions (ICAs) 164, 165, 169 
intra-abdominal pressure, measurement, in children 488 
intracavernosal injections 891-2, 891, 895, 895 
intracranial plaques, multiple sclerosis 300 
intracytoplasmic sperm injection 905-6, 905, 906 
intrarectal electrotherapy 777, 778 
intrarectal pressure, measurement in children 488 
intrathecal baclofen 577-8, 829, 831, 912 
intraurethral (transurethral) therapy 891 
intrauterine insemination 903-5, 903, 904 
intravaginal (‘in-home) insemination 902-3, 903 
intravenous urography (IVU) 452, 851 
intravesical drug therapy 
atropine 583 
botulinum toxin 199, 585-8, 630-3, 829, 855 
lidocaine 583 
liposomes 585 
nociceptin/orphanin FQ 583 
oxybutynin 495, 496, 582-3, 828-9 
sustained delivery 585 
vanilloids 583-5 
intravesical electrical stimulation (IVES) 552, 605, 827, 855 
biofeedback training 625, 627, 775-7 
history of use 624 
indications 627-8 
mode of action 605, 624, 625 
myelomeningocele 
diagnostic 771, 777, 788 
therapy 772-7 
results 625-7, 627 
technique 624-5, 626, 627 
therapeutic recommendations 628 
intravesical pressure 
bladder filling 50, 171, 797 
children, normal values 478, 481 
raised 603 
and bladder compliance 197-8 
complications/consequences 452, 670, 847-8, 918 
in SCI 382, 918, 923 
intrinsic nerves 
ultrastructure 166-8, 166, 167 
in lower motoneuron disorders 168 
in upper motoneuron disorders 169 
in vitro fertilization (IVF) 905-6, 906 
ion channels 
detrusor 41-2 
urethra 52-3 
ionic derangements, spinal cord injury 219-20, 719 
iron, dietary 742 
ischemia 
bladder wall, and detrusor overactivity 178-9, 178 
detrusor, and compliance 199-200 
spinal cord injury 215, 718-19 
ischiocavernosus muscles 117, 117 
IVES, see intravesical electrical stimulation 
IVE, see in vitro fertilization 
Ixodes spp. 320 


Japan 
awareness of folic acid and NTD prevention 746, 747 
awareness of role of antiepileptic drugs in 
NTD 746, 748, 748 
neural tube defects 734—5, 734 
JC virus (JCV) 319, 320 
justice 940 


kidneys, imaging 452 

kinesiologic electromyography 515 
kinesiologic urodynamics 507 

King’s Health Questionnaire (KHQ) 433, 596 
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‘kissing points’ 22-3, 23 
kit receptor 177, 178 
Klebsiella 556, 840, 842, 854 
Klippel—Trenaunay—Weber syndrome 395 
Kluver—Bucy syndrome 129 
Kock limb 678 
Kock pouch 677, 678, 679 
Krause—Finger corpuscles 126, 131 
Kropp procedure 652-3, 663, 788, 817, 818 
complications 655 
method 652-3, 653 
modifications 653 
results 655, 656 


labia majora 9, 117 
labia minora 8, 9, 117 
labor, after SCI 601, 912-13 
laboratory studies 456 
diabetes mellitus 233 
lactate/pyruvate ratio 222 
Lambert—Eaton myasthenic syndrome 395-7 
lamina propria 14 
laminectomy 611-12 
laminins 694 
laparoscopy, Malone antegrade enema 783 
laparotomy, peri-umbilical 686, 686 
large dense-cored vesicles (LDCVs) 167 
latex catheters 812 
latissimus dorsi muscle flap, bladder wall 827 
laxatives 782 
leak-point pressure (LPP) 502-3, 574 
children 488, 492 
measurement 459, 460 
normal values 502-3 
in SCI 918 
and upper tract damage 787, 849 
‘learned’ voiding dysfunction 863—4, 864 
lemon sign 751, 752 
leukocytospermia 900, 901 
levator ani 60-1 
division 250 
female 117, 117 
innervation 61 
regeneration and repair 72 
role 60 
levodopa 269, 291 
adverse effects 269 
Parkinson’s disease 278-9 
Lewy bodies 258, 259 
Lewy body dementia (DLB) 258, 259 
Lewy body diseases, spectrum of 259 
Lhermitte’s sign 296 
lichen sclerosus et atrophicus 324 
Lich-Gregoir method 857 
lidocaine 583, 601 
life, respect for 939 
lifestyle needs 833-4 
limb-girdle muscular dystrophy 397-8 
limbic system 330 
lipid peroxidation 218-19 
lipoaspirate stem cells 697 
lipomyelomeningoceles (LMMCs) 363, 364, 367, 369, 369 
liposomes, intravesical drug delivery 585 
Lissauer’s tract 117, 119 
lithiasis, see urolithiasis 
L-NOARG 90, 92 
local anesthetics 
cystoscopy 440 
intravesical in bladder overactivity 829 
prevention of autonomic dysreflexia 601 
locus caeruleus 17, 373 
Léfgren’s syndrome 234 
LoFric catheter 554 
lordosis, female rats 122, 124, 125 
low back pain 349-50, 350 
lower limb weakness 350 
lower motor neuron (LMN) 514 
lower motor neuron (LMN) lesions 384-5, 511-12 
ultrastructural changes 168-9 
lumbar spinothalamic (LSt) cells 134 
lumbosacral nerves, origin and distribution 347 
lung transplantation 234 
luteinizing hormone-releasing hormone (LHRH) 860 
Lyme disease 157, 190, 320-5 
asymptomatic borrelial infection 323-4 
cardiac 324 
clinical symptoms 321-2 
diagnosis 322-4 
epidemiology 321 
etiology 320-1 
treatment and prognosis 324-5 
lymphadenectomy, pelvic 158 
lymphadenosis benigna cutis 320 
lymphatic drainage, lower urinary tract 15 
lymphocytoma, Borrelial 320, 321 


macrophages 221 
magnetic resonance imaging (MRI) 
Alzheimer’s disease 258, 258 
cauda equina syndrome 351 
functional studies (fMRI) 111, 466-7 
intervertebral disc prolapse 343 
multiple sclerosis 297, 298, 302, 449 
prenatal diagnosis of NTD 753-5, 754, 755 
tethered cord syndrome 366 
upper urinary tract 452 
videourodynamics 450 
male sexual function 125 
after SCI 881-2 
ejaculation 130-5 
failure, treatment of 896-8, 896-8 
purpose in SCI 896 
retrograde 904 
penile erection 125-30 
spinal and supraspinal control 134-6, 136-7, 881-2 
male sexual organs, neuroanatomy 125-6, 126, 136 
Malone antegrade continence enema (MACE) 783-4 
Malone cecostomy 687 
Marlex slings 645 
Martius flap 658, 659 
matrices, tissue engineering 
materials 693-5 
seeding 695-6 
vascularization and innervation 695-6 
matrix metalloproteinase (MMP) inhibitors 199 
maximal urethral pressure (MUP) 384 
mean corpuscular volume (MCV) 236 
medial amygdala (MeA) 122 
medial preoptic area (MPOA) 121-2, 123, 124, 125, 135 
medical conditions, history of 413-14 
medical history 414, 414 
medicated urethral system for erections (MUSE) 895 
medicolegal issues, disc prolapse 340, 342 
medulla oblongata 129 
Medusae 624 
melanocortin 124-5 
o-melanocyte stimuating hormone (&-MSH) 125, 130 
Memokath stent 661, 663, 665 
menarche, after SCI 911 
meningioma 358, 359 
menopause 122 
after SCI 911 
menstrual cycle 116 
after SCI 911 
mesoderm 5, 7 
mesonephric duct 6, 7 
metabolic disorders, complicating urinary diversion 681-2 
metastases, spinal cord 349, 361, 362 
methenamine mandelate 844 
methionine synthesis 735-6, 736 
1-methol-4-phenul-1, 2, 3, 6-tetrahydropyridine (MPTP) 276 
methotrexate toxicity 682 
5,10-methylenetetrahydrofolate reductase 
(MTHFR) gene 735-8, 736 
methyllycaconitine 34 
methylprednisolone 722-4, 723 
methysergide 377 
Miami Project to Cure Paralysis Male Fertility Program 907 
microanastomosis (microneurorrhaphy) 636, 791 
microcirculation, spinal cord 217, 217 
micronutrients, and NTD 739 
micturition cycle, synchronicity 542 
micturition reflex 50, 182-3, 191, 214-15, 214, 465-6, 466, 854, 882 
in bladder overactivity 178 
developmental changes 111-12, 112 
effects of neurologic lesions 862—4, 862-5 
inhibition 603, 604—5 
modification via sacral nerve stimulation 191-2 
in Parkinson’s disease 276-7, 277 
spinal/supraspinal pathways 108-11, 109 
micturition syncope 291 
micturition urethrocystography (MUCG) 232 
midazolam 485-6 
midodrine hydrochloride 270 
Mini Mental State Examination (MMSE) 258, 260 
Minnesota Multiphasic Personality Inventory 111 
mitochondria, axon terminals 166, 166, 167, 169 
mitochondrial superoxide 230 
Mitrofanoff procedure 678-9, 680, 733, 788 
advantages 679, 692 
complications 691-2 
postoperative care 690 
specific problems/solutions 691-2, 691 
techniques 686-9, 690 
MK-801 221 
mons pubis 117 
mortality 
myelomeningocele 786, 791 
spinal cord injury 531, 717, 825, 847, 917 
mothering, after SCI 913 
motivation, dementia 267-9 


motor disorders 
cauda equina syndrome 350, 350 
multiple system atrophy 284, 285 
motor evoked potentials (MEPs) 352, 514, 521-3 
motor innervation, development 10-11, 11 
motor nerve conduction studies 521-3 
motor unit (MU) 514 
motor unit potentials (MUPs) 
cauda equina syndrome 352 
multi-MUP analysis 517-18 
parameters 519 
sphincter mucsles 516 
Multicenter Assessment of Transdermal 
Therapy in Overactive Bladder with 
Oxybutynin (MATRIX) 596 
multi-infarct dementia 257, 259, 260, 261-6, 264 
Multiple Sclerosis Intimacy and Sexuality Questionnaire 
(MSISQ-19) 886 
multiple sclerosis (MS) 152, 190-1, 294 
clinical presentation 295-7, 296 
diagnosis 297, 298, 449 
epidemiology 152, 294 
erectile dysfunction 889, 893 
etiology and pathogenesis 294-5 
genetics 295 
history 294, 413 
impact on patient's life 884 
pathophysiology 297-8, 300 
prognostic factors 297, 297 
sexual dysfunction 884—6 
urinary dysfunction 300-1, 300 
detrusor hyperreflexia 302-3, 303, 304-9, 304-6, 307 
detrusor hyporeflexia 190-1, 303, 303, 306, 307 
detrusor-sphincter dyssynergia 302-3, 303, 
307, 308-9 
evaluation 301-3, 304 
management 296, 304—9, 307, 571, 588 
upper tract damage 849-50 
multiple system atrophy (MSA) 282 
classification 282 
distinction from Parkinson’s disease 278, 284, 289, 525 
motor disorders 284, 285 
neuropathology 285-6 
postural hypotension 282-4 
sexual dysfunction 886 
urinary dysfunction 278, 282-4 
assessment 285-9, 525 
management 290-1 
see also Shy—Drager syndrome 
muscarinic agonists 33-4, 185, 189 
bladder supersensitivity 173, 174, 175 
muscarinic receptors 291, 299 
detrusor 40-1, 84—5, 213, 213, 215 
in disease states 84 
M; 41, 84 
M; 40-1, 84 
urethra 52, 54, 91 
urothelium/suburothelium 33-4, 84-5 
muscle cell degeneration, disruptive 165, 165, 169 
muscle cells, chain-like linkage 165, 165, 169 
muscle contraction 43-6 
sliding filament hypothesis 44, 44 
muscle-derived cells (MDCs) 193 
muscle fibers, fast/slow twitch 61-3, 61 
muscle motor reflexes, assessment 416 
muscle precursor cells (MPCs) 
origin and function 697 
transfer 697 
neuromuscular disorders 697, 699 
survival after 701 
urethral rhabdosphincter insufficiency 699-701, 700 
muscle regeneration, in adult 697, 698 
muscle relaxants 
cerebral palsy 392 
in multiple sclerosis 308 
muscle-specific kinase (MuSK) 70 
muscular dystrophies 397-9, 398 
Duchenne 398-9, 398 
cell therapy 697 
limb-girdle 397-8 
myototonic dystrophy 397 
MUSE (medicated urethral system for erections) 895 
mustard oil 33 
myasthenia gravis 160, 395, 396 
Mycoplasma pneumoniae 315-16 
mydriatics 414 
myectomy, partial detrusor, see autoaugmentation 
myelin-associated inhibitory proteins 721 
myelin oligodendrocyte glycoprotein (MOG) 295 
myelitis, classification 312 
myelodysplasia, see myelomeningocele; spina bifida 
myelomeningocele (MMC) 
adult patient 
follow-up schedules 791-3 
incontinence management 788-90 
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prevention of upper tract damage 787-8 
quality of life 790 
sexual dysfunction 791 
bladder compliance 198, 459, 459, 495, 495, 787-8 
botulinum injection 587-8 
cystourethrography 450, 450 
intravesical electrical stimulation (IVES) 624, 625, 
626-7, 627, 772-7 
diagnostic 771, 771 
intravesical oxybutynin therapy 495, 495 
neurological changes 766, 767, 787 
newborn 759 
assessment 759-61, 760 
preoperative investigation 770-2 
treatment 761-3, 761 
urodynamics 761, 761 
vesicoureteral reflux 763-5, 764, 765 
pattens of urinary dysfunction 786-7 
prenatal diagnosis 753-4, 754 
prognosis 786, 791 
quality of life issues 790 
surveillance 
adolescent/adult 791-3 
infant/child 767-8, 767 
tethered cord syndrome 363, 364, 367, 787 
ultrastructural changes 168-9 
upper urinary tract damage 198, 848, 849 
prevention 787-8 
risk 786-7 
urinary diversion 786-7 
undiversion/conversion to continent 790-1 
urodynamics 493-5, 494-6, 761, 761 
with EEG 771, 771 
repeat 767, 768 
see also lipomyelomeningoceles; neural tube defects (NTD); 
spina bifida 
myelopathy/tropical spastic paraparesis complex 
(M/TSP) 316-17 
myeloschisis 152 
myoblasts 697 
myofibroblasts 49, 49, 53 
myogenesis 7—8, 8, 697 
myoglobin 62 
myosin 62 
smooth muscle 44-5, 45 
myotonic dystophy 397 
myototonic dystrophy 397 


naftopidil 270 
nalmefene 724 
naloxone 223, 720, 723, 724-5 
NANC mechanisms, see non-adrenergic, non-cholinergic 
(NANC) mechanisms 
NASCIS II study 722-5, 723 
natalizumab 319, 320 
National Institute on Disability and Rehabilitation Research 
Consensus Statement 833-4 
natural evolution of neurogenic bladder 925 
natural killer (NK) cells 901 
Nd:YAG laser, sphincterotomy 661 
N-desethyloxybutynin (N-DEO) 591, 592, 593 
neglect, hemispatial 262 
neglect, self 329 
neocortex, in ejaculation 135 
neonate 
voiding pattern 484, 484, 493 
see also myelomeningocele (MMC), newborn 
neostigmine 33—4 
nephrectomy 853, 857 
nephrolithotripsy, percutaneous 844 
nerve growth factor (NGF) 179, 184, 586, 882 
gene therapy 186 
nervi erigentes 347 
neural crest cells 10 
neural plate 10, 11 
neural regeneration 69, 721-2 
neural sheath tumors 358 
neural tube, formation 10, 364 
neural tube defects (NTD) 
economic burden 748 
epidemiology 733-5, 735 
etiology and risk factors 735 
alcohol consumption 741 
antiepileptic drugs 740, 745, 745 
diabetes mellitus 740 
folic acid deficiency 738-9 
genetic 735-8 
hyperthermia 740-1 
nutrition 738-9, 741 
obesity 740, 740 
smoking 741 
prenatal diagnosis 749-55 
prevention 
folic acid supplementation 741-2, 742, 786 
food fortification 742-5 


upper urinary tract damage 198, 787, 848, 849, 850 
prevention 787-8 
risk 786-7 
urinary diversion 733, 786-7, 856 
complications 792-3 
undiversion/conversion to continent 790-1 
see also myelomeningocele; spina bifida; syringomelia 
neuregulins 70 
neurfibrillary tangles 258 
neurinoma 358, 358 
neuroborreliosis 322, 324 
neurocutaneous melanosis 395 
neurocutaneous syndromes 393-5 
neurofibromatosis 
type 1 (NF1/von Recklinhausens disease) 394 
type 2 (NF2) 394 
neurofilaments 167 
neurogenic shock 217, 217 
neurokinin A (NKA) 87 
neurological examination 416, 456 
in bowel dysfunction 781 
neuromodulation 
conditional in reflex incontinence 707-9, 709 
definition 610, 706 
multiple sclerosis 307 
sacral roots 428-9, 430, 622-3, 706-9 
clinical trial results 623 
in detrusor hyperreflexia 307, 309, 706-9 
incidations 307, 622 
urgency and frequency 428-9, 430 
neuromuscular disorders 395-9 
cell therapy 697 
Lambert—Eaton myasthenic syndrome 395-7 
muscular dystrophies 397-9 
myasthenia gravis 160, 395, 396 
neuropeptides 87-9, 124 
neuropeptide Y (NPY) 54, 73, 84, 88-9, 91, 213 
sexual function 124, 127, 130, 131 
neuroplasticity 882 
neurosarcoidosis 233-4 
neurostimulation, see electrical stimulation; neuromodulation 
neurosyphilis 157-8, 190, 243-4 
diagnosis 243 
treatment and prognosis 244 
neurotransmitters 
bladder 48, 299 
female sexual response 124-5, 136-7 
male sexual function 125, 131, 135, 136-7 
prostate 131 
neurotrophic factors 70-1, 721 
diabetic cystopathy 
gene therapy 186 
pathogenesis 184 
neurotrophin-3 71, 184, 186 
neurotrophin-4 71 
neurotropism 242 
neurotubules 167 
neuro-urodynamics, meningomyocele 771, 771 
NF2 gene mutations 360 
nicotine 34 
nicotinic receptors 33-4, 213, 213, 214, 299 
nifedipine 531, 600, 601 
nimodipine 719, 723, 725 
nipple sensation, and breastfeeding 913, 913 
nipple valves, urinary diversion procedures 677, 680 
nitric oxide (NO) 34, 89-90, 213, 213, 378 
in female sexual response 124 
in penile erection 128, 130, 888 
therapy 831 
urethral smooth muscle 54, 93 
urothelium 31, 34—5 
nitric oxide synthase (NOS) 34, 48, 90, 130, 213 
diabetic cystopathy 184 
inhibitors 90, 92, 93 
striated muscle 62 
urethral muscle 53 
nitroglycerin, dermal patches 828 
nitro L-arginine (L-NOARG) 90, 92, 93 
nitropast 600 
nitroprusside 90 
N-methyl-D-aspartate (NMDA) 221 
receptor antagonists 221, 605, 723,725 
nociceptin/orphanin FQ 583 
nocturnal polyuria 
elderly/demented patient 266, 270 
multiple sclerosis 307 
multiple system atrophy 290, 291 
voiding diary 426-7, 428 
nonadrenergic, noncholinergic (NANC) mechanisms 
bladder 48, 84, 87-90 
female sexual response 124 
male sexual organs 130 
urethra 92—4 
non-Hodgkin lymphoma 349 
nonmaleficence 940 


nonmicturition contractions (NMC) 50 
‘non-neurogenic’ voiding disorder 159, 515 
noradrenaline (NA), sexual responses 124, 127 
norepinephrine 299, 376 
normal pressure hydrocephalus (NPH) 150, 259 
NTD, see neural tube defects 
nucleus accumbens 123 
nucleus basalis of Meynert 268 
nucleus of the tractus solitaris (NTS) 119, 120 
Nuremberg Code 939 
nursing home residents, incontinence 262, 264 
nutrition 

adult myelomeningocele 793 

maternal, and risk of NTD 738-9, 741-2, 742 
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besity, maternal, and NTDs 740, 740 
stetricians-gynecologists, awareness of folic acid in NTD 
prevention 746, 747 
bterator nerve 347 
bturator artery 15 
ccipital lobe 
hypoperfusion in DLB 258 
stroke 331 
occludin 23-4 
olivopontocerebellar atrophy (OPCA) 278 
Onuf’s nucleus 83, 119, 128, 247, 288-9, 374 
opioid antagonists 223, 720, 723, 724-5 
opioid receptors 213, 377 
opioids 125, 223, 377, 720 
oral contraceptives 911 
orgasm 136 
female 120-1, 125 
male 135 
osteomalacia, with urinary diversion 682 
overactive bladder (OAB), see bladder overactivity; detrusor 
overactivity 
oxidative enzymes, striated muscle fibers 61 
oxidative metabolism, in tethered cord syndrome 364 
oxidative stress factors 184 
oxotremorine methiodide 33 
oxybutynin 571 
in children 813 
controlled-release formulation 571, 595, 813 
dementia patients 269 
in epilpsy 402 
intravesical 306, 582-3, 591, 828-9 
child 495, 496 
mechanism of action 591 
metabolism 582-3, 591, 829 
in multiple sclerosis 571 
myelomeningocele 762-3, 763 
oral 591 
side-effects 306, 571, 582, 591, 594-5, 595, 829 
transdermal delivery system 592, 592 
in children 813 
community-based studies 596 
convenience and QOL 595, 596 
efficacy in overactive bladder 593-4, 593, 594 
pharmacokinetics 592-3, 593 
side effect profile 594-5, 595, 813 
oxygen tension, bladder wall 178-9, 178 
oxytocin 913, 913 
female sexual response 125 
male sexual function 130, 135 
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pad-weighing test 498-9 
12-hour 437 
in children 435, 487 
discrimination between continence and incontinence 434, 434 
elderly patients 238 
long-term (24/48-hour) 433, 434, 437, 498-9 
normal pad weight gains 498-500 
provacative 435-6 
qualitative 435 
quantitative 435 
role of 433 
short-term 498 
1-hour 434, 436-7, 436 
2-hour 434, 437 
20-minute 436-7 
40-minute 434 
and treatment decisions 433—4 
utility in clinical practice 433 
pain, after posterior rhizotomy 615 
Panayiotopoulos syndrome 400 
papaverine 90 
paper towel test 436 
paragigantocellular nucleus (nPGi) 120, 122, 123, 135, 881 
parasympathetic denervation, pelvic surgery 249 
parasympathetic nervous system 81-2, 82, 246, 297, 299 
development 10, 11 
paraventricular nucleus (PVN) 122, 123, 125, 130, 135, 881 
Parkinson’s disease (PD) 151-2, 377 
distinction from MSA 278, 284, 289, 525 
epidemiology 151 
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Lewy bodies 258, 259 
motor dysfunction, pathophysiology 274-6, 275 
sexual dysfunction 885 
‘sphincter bradykinesia’ 278, 874 
urinary dysfunction 75-6, 152, 191, 276-7, 277 
clinical features 277-8 
combined bladder overactivity and prostatic 
obstruction 873, 874 
pathophysiology 276-7, 277 
sphincter EMG 525 
treatment 278-9 
patellar reflex 416 
pelvic examination 416 
pelvic floor muscles 


development 578 

erectile dysfunction 890-1 
facilitation of bladder emptying 574-5 
intravesical pressure increase 577 
sphincter deficiency 574 

see also named pharmacologic agents 
enol injection, bladder 856 
enolsulfonphthalein excretion test 451 
enoxybenzamine 575, 600 

entolamine 341, 384, 531,576 
enylephrine 85 

enytoin 682, 740 

osphate complexes 220 
osphodiesterases (PDEs) 90 


pregnancy 
adult myelomeningocele 791 
after SCI 911-12 
autonomic dysreflexia 601, 912, 913 
labor and delivery 912-13 
motherhood 913-14 
postpartum and breastfeeding 913 
and bladder reconstruction 691 
fetal NTD 
etiology and risk factors 738-41 
prenatal diagnosis 749-55 
prevention 741-5 
pressure-flow (P/Q) studies 
Abrams-Griffiths (AG) nomogram 504, 505 
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central control 65-8 
denervation 189 

electrical stimulation 552, 604—5 
female anatomy 117, 117 
innervation 63-5 

levator ani 60-1 

role in continence 603 

role in ejaculation 131 

training 270, 305, 333, 551-2 


pelvic lymphadenectomy 158 
pelvic nerve 16, 81, 82, 82, 212, 212, 246, 247, 299 


affernt pathways 103-4, 103, 182 
female genitalia innervation 117, 119, 120 
iatrogenic injury 250 


pelvic plexus 10, 82, 82, 246, 247 


injury 186-9 
clinical findings 187-8 
treatment of voiding dysfunction 188-9 
urodynamic findings 188 

sexual organ innervation 126, 132 


pelvic surgery 158-9, 187, 247-9 


abdominoperineal resection 249-50 

causes of urinary dysfunction 186-7, 189, 248 
evaluation of nerve injury 248-9 
hysterectomy 158-9, 187, 250-1 

incidence of urinary dysfunction 187 

radical prostatectomy 251 

ureteral reimplantation 251-2 


pelvis, fractures 187-9, 448 

penile clamps 559 

penile electrical stimulation 133, 604-5, 607 
penile erection 


adult myelomeningocele 791 

after sacral nerve stimulation 616 

central neurochemical regulation 129-30 
dysfunction, see erectile dysfunction 
local control 126-8 

physiology 888, 889 

reflexive 128 

spinal control 128-9 

supraspinal control 129 


penile prosthetic implants 892, 892, 896 
penile vibratory stimulation (PVS) 133, 896-7, 896, 897 


use in assisted reproduction 903, 907 


penilo-cavernosus reflex (PCR) 520-1, 520, 521, 525-6 
penis 


neuroanatomy 125-6 
sensation, restoration 791 


percutaneous nephrolithotripsy (PCNL) 844 
pergolide 291 

perianal anaesthesia 342 

periaqueductal gray (PAG) 


female sexual response 120 
in sexual function 122, 123, 135 
urinary function 81, 109, 110-11, 285, 330, 374, 449, 465, 466 


perineal muscles, striated 117 
perineum 


electrical stimulation 604 
sensory loss 188, 350, 864 
sensory stimulation 111, 112, 191, 192, 552, 882 


perineural fibrosis, post-radiation 252 
peripheral neuropathies 


after pelvic surgery 247-9 
generalized 
diabetes mellitus 229, 229, 230 
electrophysiologic testing 526 


periurethral abscess 920 
PF-2907617-02 89 

pH, urine 565-6, 844 
phacomatosis 393-5 
pharmacogenomics 578-9 
pharmacologic treatments 


a-adrenergic blockers 574, 575-6 
autonomic dysreflexia 599-600, 600-1 
baclofen 576-7 
intrathecal pump 577-8, 829, 912 
bladder outlet obstruction 830-1 
bladder relaxant drugs 570-4, 570 
detrusor overactivity/hyperreflexia 90, 570-4, 828-9, 855 
detrusor-sphincter dyssynergia 575-8, 575 
detrusor underactivity/areflexia 827, 855 


detrusor 42 
inhibitors 42, 90, 128, 890-1, 890, 892-3 
penile smooth muscle 127 
urethral smooth muscle 93-4 
phospholipase (PLC) 42 
Phospho-soda 672 
sical examination 416-17 
bowel dysfunction 781 
children 926 
erectile dysfunction 889 
general issues 416 
neurologic 416, 456 
pelvis 416 
prior to urodynamic study 456 
physical exercise, and bowel function 782 
physiotherapy 551-3 
pial arteries 217 
Pick’s disease 266 
Pippi Salle procedure 653-4, 788, 817, 819 
indications 655 
method 653-4, 654 
results of use 655, 657 
pituitary adenylate cyclase activating protein (PACAP) 50 
plaques, urothelial 19-20, 20 
PML, see progressive multifocal leukoencephalopathy 
poliomyelitis 157, 312 
Politano—Leadbetter procedure 857 
polyethylene glycol-B-[Dlactic acid-co-glycolic acid]-B-ethylene 
glycol (PEG-PLGA-PEG) 585 
polyethyleneglycol (PEG) 
bowel ‘clean-out’ 782 
bowel preparation 672 
polyneuropathies 
alcoholic 235 
diabetes mellitus 186, 229, 229, 230, 579 
polyomaviruses 319-20 
polyunsaturated fatty acyl (PUFA) chains 219 
polyuria 
dementia patients 266, 270 
multiple system atrophy 290 
voiding diary 425-6, 426 
pontine ‘L-region’ (urine storage center) 81, 330, 374, 375, 465, 
466, 604 
pontine micturition center (‘M’ region/PMC) 81, 110, 215, 297, 
329-30, 373-4, 375, 465, 466, 604 
imaging 374, 375, 449 
porencephaly 754 
porphobilinogen 236 
porphyrias 236-8 
acute hepatic 236 
acute intermittent (AIP) 236, 237 
hereditary coproporphyria (HCP) 236, 237 
variegate 236, 237 
positron emission tomography (PET) 466 
central control of micturition 373, 374, 375, 449 
ejaculation 135 
female sexual response 121 
in MSA 285 
in PD 276 
posterior femoral cutaneous 347 
posterior tibial nerve, electrical stimulation 604, 606 
posterodorsal preoptic nucleus (PNpd) 123 
postural hypotension 282-4, 283, 284 
postvoid residual volume (PVR) 493 
assessment 451, 476, 477 
cauda equina syndrome 351 
children 481-2, 484, 484 
assessment 477, 487, 926-7 
normal values 477, 478 
dementia 264-6 
multiple system atrophy 286, 287, 290 
normal adult values 500-1, 500 
in SCI 921 
potassium channel openers 578 
potassium channels 
bladder 41 
urethra 52 
potassium chloride, bladder supersensitivity 173, 174, 175 
potassium ions 219 
‘pouchitis’ 682 
prazosin 270, 600 
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in multiple system atrophy 286, 288 
normal 
in men 503-5, 504, 505 
in women 505-6 
parameters and recommended terminology 503 
Schafer nomogram 288, 504-5, 505 
prevalence of neurogenic bladder 385 
proctocolectomy 187 
progressive multifocal leukoencephalopathy (PML) 319-20 
prolactin 130 
propantheline 269, 571 
propiverine 269, 572-3 
prostaglandins 53—4, 128, 184 
prostanoids 89, 128 
prostatectomy 
after CVA 334 
in Parkinson’s disease 278 
in post-surgical urinary retention 189, 251 
robotic-assisted laparoscopic 251 
prostate gland 130-1 
a-adrenergic receptors 861-2 
dysfunction in SCI 899, 900 
examination 416 
innervation 131 
massage 898 
neurotransmitters 131 
transurethral incision 831 
urine influx in DESD 205-6, 205 
prostate specific antigen (PSA) 899, 900 
prostatic pressure chamber 134 
prostatitis 557, 841-2 
protein kinase C 84, 230 
proteoglycans, ECM 693-4 
proteolytic enzymes, non-compliant bladder 199 
Proteus spp. 556, 682, 793, 840, 854 
Proteus miralbilis 840 
proteus syndrome 394-5 
Providencia stuartii 840 
pseudocapsule 650 
pseudodyssynergia 204 
pseudoephedrine 815-16 
Pseudomonas spp. 556, 650, 682, 793, 840, 854 
pseudomyotonic activity, diabetes mellitus 231, 232 
pseudorabies virus (PRV), tracing studies 
central bladder control pathways 109, 109, 111 
genital organ innervation 119, 129 
psychological issues 
bowel dysfunction 780 
depression 262, 329, 557, 886 
intermittent catheterization 555, 557 
PT-141 (bremelanotide) 130 
puberty, female 116, 911 
pubococcygeus muscles, EMG 515 
pudendal artery, internal 126 
pudendal nerve 16, 82, 83, 182, 212-13, 212, 246, 247, 299, 347 
afferent fibers 16-17, 104 
blockade 576 
electrical stimulation 191, 604, 608 
female genital innervation 117, 119 
injury 187, 248, 526 
somatosensory evoked potentials (SEP) 520, 520, 523 
terminal motor latency (PNTML) 522 
pure autonomic failure (PAF) 258, 259 
purinergic receptors 
bladder afferents 586 
detrusor 41, 87, 213 
urethra 94 
urothelium 26-7, 30-1, 41, 86, 87 
PVR, see postvoid residual volume (PVR) 
pyelonephritis 683, 842-3, 920 
Pyridium (phenazopyridine) staining 434 
pyridostigmine 291 
pyruvate, tissue levels 222 
pyuria, defined 839 


quality of life 940 
after CVA 329 
evaluation in child 926 
fecal incontinence 779 
myelomeningocele 790 
parkinsonism 886 
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and pregnancy after SCI 911 

and transdermal oxybutynin therapy 595, 596 
and urinary diversion 683-4 

urinary incontinence 433, 790 


Rab GTPases 26 
radiation therapy (RT), pelvic 252-3 
radiotherapy, incontinence after 253 
rapsyn 70 
Rathke’s plicae 5 
rauwolscine 92 
recognition patterns 541-2, 541 
rectal carcinoma, resection 158 
rectal examination 416 
rectal stimulation, in bowel dysfunction 782 
rectus fascia, use in sling procedure 644-5, 645 
red-cell folate (RCF) 737, 743 
reflex circuits, lower urinary tract 105, 106 
bladder emptying 106, 107-8, 107 
changes in postnatal development 111-12, 112 
urine storage 106-7, 106 
reflexes 
assessment 416, 889 
tethered cord syndrome 366 
reflex incontinence 704 
conditional neuromodulation 707-9, 709 
reflex micturition 854, 882 
reflux, see vesicoureteral reflux 
regeneration 
neural 69, 721-2 
skeletal muscle 71-3, 697, 698 
renal calculi 843-4 
renal function 
after SCI 920 
after urinary diversion 683 
in BPH 866 
causes of damage in neurogenic bladder 452 
cerebral palsy 392 
surveillance 531-2 
and urinary diversion 672 
renal hypodysplasia 24 
renal imaging 452, 532 
nuclear 532, 851, 852, 920 
in children 927, 928, 928 
ultrasound 456, 532, 927, 927 
renal lithiasis 843-4, 849 
renal scarring, suprapubic cystostomy 568 
renal transplantation 857 
renography 452 
reports and guidelines 949-51 
reproductive technologies, see assisted reproduction (ART) 
residual urine, see post-void residual urine (PVR) 
resiniferatoxin (RTX) 31, 306-7, 829 
effects on bladder compliance 199 
intravesical administration 28, 30-1, 583—4, 588 
respect for life 939 
respiratory paralysis, Guillain—Barré syndrome 244 
rhabdosphincter 14, 14 
anatomy 59-60, 60 
female 60 
male 60 
muscle fiber types 61-2, 61, 603, 699 
rhizotomy 
sacral 198, 392, 611, 705-6, 856 
advantages 618 
combined with sacral root stimulation 705-6 
disadvantages 618, 706 
methods 611-13, 612 
outcomes 613-16 
rho-kinase pathways 43, 84 
rivastigmine 267 
ryanodine receptors 47 


sacral agenesis 153, 447, 448 
cystography 448 
radiology 447 
sacral cord plaques, multiple sclerosis 300 
sacral denervation 346-7 
sacral dermatomes 552 
sacral fracture 187, 348 
sacral intermediomedial (IMM) cell group 374, 375 
sacral motor system, neurophysiology 521-3 
sacral myotomes 551-2 
sacral nerve stimulation 191-2, 610, 705-6, 705 
after CVA 335 
in ATM 315 
detrusor-sphincter dyssynergia 617-18 
fecal incontinence 782-3 
mechanisms 192 
methods 192 
with posterior sacral rhizotomy 611, 705-6, 856 
equipment 612 
methods 611-13, 612, 613 
patient selection 616-17 
results 613-16 


role of rhizotomy 618 
surgical technique selection 617 
see also neuromodulation 
sacral neurologic lesions 
causes 864 
impact of 339-40, 864, 865 
sacral parasympathetic nucleus (SPN) 82, 117, 
119, 134, 374 
in ejaculation 134 
sacral plexus lesions 526 
sacral reflexes 188, 511,514 
assessment 248, 416, 508, 508 
electrophysiologic testing 519-21, 520 
mechanical stimulation 520, 521 
sacral roots 
electroneurologic testing 522, 523 
transection, see rhizotomy, sacral 
saddle anesthesia 188 
cauda equina syndrome 350, 350, 353, 354 
intervertebral disc prolapse 342 
S-adenosylmethionine (SAM) 736 
St Mark’s electrode 522, 523 
sarcoidosis 233—4 
sarcolemma, dense bands 164, 165 
sarcoplasm 
dense bodies 165, 165 
vacuolated 165, 165 
satellite cells 193, 697, 698, 699, 701 
skeletal muscle 71, 72 
SCH 23390 276 
Schafer nomogram 288, 504-5, 505 
bladder outlet obstruction 809, 811, 868, 869 
bladder overactivity 803, 803 
bladder underactivity 805, 807, 809, 809, 811 
stress incontinence 800, 800 
schistosomiasis 314 
Schistosomiasis mansoni 314 
Schwann cells 166, 166, 167 
activated 167, 168, 169 
evaluation 168 
schwannoma 358 
SCI, see spinal cord injury 
sciatalgia 349-50, 350 
scintigraphy, renal 532, 851, 852, 920, 928, 928 
scopolamine (hyoscine) 269 
screening, tumors 559, 845 
second messenger systems 90, 93 
detrusor 42-3 
penile smooth muscle 127, 888 
urothelium 26 
sedation, child urodynamic studies 485-6 
sedatives, causing incontinence 266 
selective serotonin reuptake inhibitors (SSRIs) 124, 885 
self-care 
after CVA 329 
myelomeningocele 793 
semen, quality in SCI 898-901 
seminal plasma 130 
in SCI 900, 900 
seminal vesicles 130, 899 
senile plaques 258 
sensation 
bladder 
children 493 
induction in IVES 624, 627, 628 
normal adult 502 
sensory loss 188 
bladder 328-9 
cauda equina syndrome 350 
diabetes mellitus 184, 185 
disc disease 155 
perineum/perianal area 188, 350, 864 
sensory nerve action potential (SNAP) 512, 513 
dorsal penile nerve 523 
sacral roots 523 
sensory nerves, see afferent nerves 
sensory stimulation, perineum 191, 192, 552, 882 
seromuscular enterocystoplasty 815, 816 
serotonin 54, 124, 129, 135, 377 
serotonin antagonists 377 
Serratia spp. 840, 842 
sex steroids, female 122, 124 
sexual arousal, physiologic 120-1 
sexual counseling 893 
sexual desire (libido) 125 
sexual function 
adult myelomeningocele 791 
after CVA 886-7 
assessment 885-6 
cauda equina syndrome 350-1, 350, 352 
epilepsy 887 
history 415-16 
multiple sclerosis 884-5, 884-6 
multiple system atrophy 284, 285 
neuroanatomic sites 884 


in parkinsonism 886 
physical examination 416 
secondary aspects 885, 885 
tertiary aspects 885 
see also female sexual response; 
male sexual function 
sexual rehabilitation 886 
shock 
cerebral 149, 190, 328 
neurogenic 217, 217 
spinal, see spinal shock 
Shy—Drager syndrome 152, 278, 448 
sphincteric incontience 877, 877 
sildenafil 93-4, 600, 886, 890 
female sexual response 124 
silicone microspheres 833 
simian virus 40 (SV40) 319 
SIN-1 90 
single-fiber electromyography (SFEMG) 508, 519 
single photon emission tomography (SPECT) 449, 466 
epilepsy 399, 400-1 
in multiple system atrophy 286 
Parkinson’s disease 276 
stroke 330 
eletal muscle, regeneration in adult 697, 698 
SKF 38393 276 
skin 
evaluation 416 
sympathetic response 519, 524 
‘skin-CNS-bladder’ reflex 383 
skin disorders 
herpes zoster infection 241, 242 
Lyme disease 320-1, 324 
sliding filament hypothesis 44, 44 
sling procedures, see fascial sling 
‘slosh’ effect 408 
small intestinal submucosa (SIS) 694 
small vesicles 166, 166, 167-8, 169 
smoking 738, 741 
smooth muscle 
action potentials 43, 44 
bladder 
cells coupling 43, 171, 174 
changes in overactivity 172-6 
physiology 43-6, 44, 45, 46 
spontaneous contractile activity 47-8, 47, 172, 
172-3, 172, 173, 174 
degeneration/damage 192-3 
development 6-7, 11-12 
fiber lengthening 197 
penis 126-7 
ultrastructural changes 163-5, 164 
lower motoneuron disorders 168 
upper motoneuron disorders 169 
urethra 52-4, 91 
smooth muscle cells 
culture 695 
fascicles 163, 164 
tissue engineering 695 
social issues 555—6, 833-4 
sodium channels 42 
sodium ions 719 
sodium nitroprusside 90 
sodium phosphate 672 
solifenacin 306, 573—4 
somatic nervous system 297, 299, 513-14, 513 
somatic neurologic lesions 864 
somatic reflexes, after spinal injury 383 
somatosensory evoked potentials (SEPs) 
cerebral 523-4 
pudendal 520, 520, 523 
sorbitol 230 
spastic paraparesis 316-19, 451 
SPECT, see single photon emission tomography 
Speedicath Catheterization set 554 
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peediCath set 554 
erm motility, in SCI 899-900, 899, 900 
erm retrieval 
electroejaculation 897, 898 
penile vibratory stimulation 896-7, 896, 897 
prostate massage 898 
surgical 898, 898 
hincter, see external anal sphincter; external 
urethral sphincter; bladder neck 
‘sphincter bradykinesia’ 278, 874 
sphincter contraction, non-neurogenic 204 
hincteric incontinence 864, 865, 876-7, 876 
etiology 877, 877 
hincterotomy 660, 831, 857 
complications 663 
indications and patient selection 660-1 
in multiple sclerosis 308 
results 661-3, 662 
techniques 661 
sphincter-to-bladder reflexes 107 
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spina bifida 
bowel dysfunction 
assessment 780-1 
management 777, 778, 781-4 
prevalence 779 
psychosocial and developmental effects 780 
and quality of life 779 
classification of neurogenic bladder 493, 493, 495 
detrusor overactivity 
treatment 495, 496, 587-8 
vesicourethral balance 803—4, 804 
economic burden of 748 
epidemiology 152-3, 734, 735, 735 
intravesical electrical stimulation 624, 625, 626-7, 627 
neurological changes 766, 767, 787 
parents of child 780 
physical activity/exercise 782 
prognosis 786, 791 
quality of life 790 
surveillance 767-8, 767 
tethered cord syndrome 153, 363, 364, 367, 368-9, 369, 370, 
787 
upper urinary tract damage 153, 848, 849 
renal transplantation 857 
urinary diversion 733, 856 
urodynamic studies 493-5, 494-6, 767, 768 
see also myelomeningocele; neural tube defects 
spina bifida cystica 152 
spina bifida occulta 447, 734 
spinal anesthesia, causing cauda equina syndrome 349 
spinal artery, anterior (ASA) 216 
spinal cord 215 
blood supply 216-17 
compression 
cauda equina 346 
tumors 361, 559 
termination (conus terminalis) 338, 345, 345-6 
spinal cord blood flow (SCBF) 217, 223 
spinal cord injury (SCI) 154, 382-3, 382, 921 
abnormal reflex activity 383 
autonomic dysreflexia 383—4, 383, 882 
acute treatment 598—600 
anesthetic considerations 601 
diagnosis 598 
incidence 598 
prevention and prophylaxis 600-1 
bladder ultrastructural changes 168-9 
bowel dysfunction 
assessment 780-1 
management 781-4 
prevalence 779 
and quality of life 780 
causing cauda equina syndrome 348 
causing syringomelia 408, 408 
children 918 
classification 380, 381 
detrusor-sphincter dyssynergia 
clinical impact 205-6, 205 
diagnosis 203-4 
pathophysiology 202-3, 203 
prevalence 204 
surgical treatments 442, 660-5, 662, 664 
detrusor underactivity/acontractile detrusor 186-9 
economic burden 717 
effects on micturition 215 
elderly patient 918 
epidemiology 153, 717-18, 895, 911 
female sexual function and fertility after 121, 895, 911 
follow-up 530-3 
objectives 917 
patient compliance 922 
practice patterns 530, 530 
proposals for 923 
human randomized control trials 722-5, 723 
initial evaluation 530-1, 531 
international urodynamic data set 951 
lesion level and impact of 215, 381-4, 531, 704-5, 862-4, 863, 864 
male fertility after 895, 898-901, 899-901 
male sexual function after, see male sexual function 
management of urinary dysfunction 
a-adrenergic blockers 575-6 
baclofen 576-7 
mortality rates 531, 717, 825, 847, 917 
neural regeneration 721-2 
pregnancy, see pregnancy, after SCI 
primary mechanisms 216, 216, 530-1, 718, 718 
rehospitalization rates 718, 917 
renal surveillance 531-2 
secondary mechanisms 216, 718, 718 
apoptosis 220-1, 720-1 
edema 223 
excitotoxins 221, 719 
free radical and lipid peroxidation 218-19, 719 
inflammation 221-2, 720 
ionic derangements 219-20, 719 
loss of ATP-dependent cellular processes 222-3 


opioids 223, 720 
vascular changes/ischemia 216-18, 217, 223, 718-19 
spinal shock 215, 381, 530, 853 
urinary complications 917 
bladder tumor 922 
context and antecedents 918-19 
delayed 922 
infections 556, 919-20 
lithiasis 920-1 
pathophysiololgy 918 
patients at risk 922-3 
upper tract damage 381, 847-9, 920 
urethral 920 
spinal cord tumors 357-62 
anatomic relationships 357 
clinical findings and treatment 360 
diagnosis 357 
intradural extramedullary 358-9, 358, 359, 360 
intramedullary 358, 359-60 
metastatic 361, 362 
spinal dysraphism 364, 447 
syringomelia 406 
see also myelomeningocele; neural tube defects; spina bifida 
spinal sl hock 209, 215, 381, 530, 853 
bladder drainage 853 
clinical symptoms 415 
micturition reflex changes 178 
myelomeningocele 759 
spinal stenosis 159 
acquired 349 
congenital 349 
lumbar 159 
spinal surgery 159 
spino-bulbo-spinal reflex 106, 108, 214, 215, 374 
in dementia 264 
in MSA 285 
spinocerebellar ataxia 392-3 
spinoreticular pathway 120 
spinothalamic pathway 119-20 
split spinal cord 366 
spreading depression 219 
squamous cell carcinoma, bladder 565, 844-5 
Staphylococcus spp. 840 
Staphylococcus aureus 556 
Staphylococcus epidermidis 650 
STAR Trial 574 
stents, urethral 442, 660-1, 831, 854—5 
complications/failure 665, 665 
indications and patient selection 660-1 
outcomes 663-5, 664 
surgical techniques 663 
stoma 
‘rosebud’ 674 
urinary diversion 674, 674 
complications 681, 683 
Streptococcus faecalis 556 
stress incontinence 
after radiotherapy 253 
classification 448 
clinical assessment 415 
in dementia patients 266, 270 
frequency-volume charts 424-5 
functional electrical stimulation 607 
guarding reflexes 182-3, 183 
vesicourethral balance 798-800, 799 
stretch responses, urothelium 24-8, 25, 52 
striated muscle 59 
angiogenesis 73 
distribution in lower urinary tract 59 
effects of denervation 68-9 
fast and slow twitch fibers 61-3, 61 
istochemistry 61-2 
fibrosis 72-3 
levator ani 60-1 
reflex control 
after spinal injury 73-4 
in neurological disease 74-5 
regeneration and repair 71-3 
reinnervation following axotomy 69 
rhabodsphincter 59-60 
specialization 59 
striatonigral degeneration (SND) 278 
striatum 274 
stricture, see ureteric stricture; urethral stricture 
stroke, see cerebrovascular accident 
structural/functional basis 537-8, 537 
subdural hematoma, chronic 259 
subparafascicular thalamus, parvicellular (SPFp) 123, 135 
substance P (SP) 87, 104, 124, 128, 130 
substantia nigra 274 
subthalamic nucleus (STN) 275, 275 
electrical stimulation 276, 279 
suburothelium 52, 86-7, 171 
succinate dehydrogenase 61 
sulcal arteries 217 
superior hypogastric plexus 10 


superoxide 218, 230 
superoxide dismutase 218 
‘supervoiders’ 478 
supplementary motor area (SMA) 111 
suprapontine lesions 378-9, 379 
suprapubic catheters 558-9 
suprapubic cystostomy 
comparison with CIC 566 
comparison with long-term Foley catheterization 565 
complications 564, 566, 568, 839 
bladder tumor risk 565 
contraindications 564 
current studies/publications 565-8, 567 
indications 565 
limitations 564-5 
in multiple sclerosis 309 
techniques 564, 566 
suprapubic tapping 553 
suprapubic tube, after sling procedure 645 
supravesical reservoirs 
Indiana pouch 677, 677, 678 
Kock pouch 677, 678, 679 
suramin 94 
surgery 
antireflux 765, 856-7 
bladder/detrusor overactivity 630, 829-30 
demented/elderly patients 270 
patient history 414 
prevention of upper tract damage 855-7 
urinary incontince 832-3 
see also pelvic surgery; urinary diversion 
surveillance 
renal function 531-2 
see also follow-up 
sutures 
bladder wall erosion 445, 445, 446 
ureterointestinal anastomoses 673 
sympathetic nervous system 82-3, 83, 246-7, 246, 299, 524 
development 10, 11 
male sexual function 133 
sympathetic skin response (SSR) 209, 519, 524 
assessment 524 
syncope, in MSA 291 
syphilis 157-8, 243-4 
diagnosis 243 
treatment and prognosis 244 
syringomelia 408, 408 
definition 406 
primary 
clinical signs 406-7 
pathophysiology 406 
radiological signs 407 
secondary 
clinical signs 409 
pathogenis theories 408, 409 
radiological signs 409 
urinary signs 409 
urinary signs 407-8 
systemic sclerosis 191 


tabes dorsalis 190, 243-4 
tachykinin receptors 213 

antagonists 578 
tachykinins 87-8 
tadalafil 93-4, 890-1 
tamsulosin 53, 270, 308, 600 
Tanagho technique 833 
Teflon, periurethral injection 816, 833 
tendon reflexes 350, 366 
tension-free vaginal tapes (TVT) 270 
terazosin 198-9, 308, 576, 600 
terminology, standardization 949-50, 951 
testicular sperm extraction 898, 898 
tethered cord syndrome (TCS) 153, 363, 408 

case reports 368-9 

categorization 363-4 

epidemiology 364 

history 363 

imaging diagnosis 366 

‘occult’ 369-70 

pathophysiology 364, 787 

signs and symptoms 364-6, 368 

surgical treatment 366-7 

outcomes 368, 370-1 

urinary dysfunction 153, 367-71 
tetraspanin family members 20, 21 
thalamus 68, 330, 467 
therapeutic strategies, new 578-9 
thermoreceptors, bladder urothelium 33 
thiamine deficiency 235 
thin filament proteins 184 
thoracolumbar sympathetic function, testing 524 
thromboembolism, pregnancy after SCI 912 
thyrotropin-releasing hormone (TRH) 720, 723, 724, 725 
tibial nerve, electrical stimulation 604, 606 
tight junction-associated proteins 23-4 
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tight junctions, urothelium 8, 19, 22-3, 23 
tirilazad mesylate 723, 725 
tissue engineering 192-3, 579, 693, 827 
bladder augmentation 636, 696 
cells 695 
detrusor myogenic failure 192-3 
protocols 693, 694 
scaffold 
biomaterials 693-5 
vascularization and innervation 695-6 
urinary tract reconstruction 660 
tissue preparation, ultrastructural evaluation 163 
T lymphocytes 221, 295, 901 
toileting 
dementia patients 267 
timed 782 
toilet training 
bowel dysfunction 780 
child 485 
urinary dysfunction 775-7 
tolterodine 290, 306, 571-2, 577, 595, 828 
Tourneux’s fold 5-6, 6 
T-pouch 677 
trabeculations, bladder wall 442-3, 444, 450, 853, 918 
significance 442-3, 853 
trace elements, and NTDs 739 
transcutaneous electrical nerve stimulation (TENS) 307, 552 
transdermal drug delivery 591-2 
hormone replacement 592 
nitroglycerin 828 
oxybutynin 592, 592, 828 
in children 813 
community-based studies 596 
efficacy in bladder overactivity 593-4, 593, 594 
pharmacokinetics 592-3, 593 
and quality of life 595, 596 
side effects 594—5, 595, 813 
transforming growth factor-B (TGF-B) 230 
transient receptor potential (TRP) channels 48-9 
cold-sensing 33 
TRPA1 (ANKTM1) 33 


TRPV1 (vanilloid receptor) 27, 31-2, 48-9, 86, 104-5, 583-4 


TRPV4 32-3 
transurethral balloon dilatation 831 
transurethral bladder neck incision 831 
transurethral incision of prostate (TUIP) 270 
transurethral resection of prostate (TURP) 
MSA patient 290 
and myasthenia gravis 160 
Parkinson’s disease patients 278 
post CVA 334 
transurethral sphincterotomy (TURS) 207, 210 
transurethral therapy 891 
transverse myelitis, acute (ATM) 312-16 
associated with Lyme borreliosis 325 
associated with Mycoplasma spp. 315-16 
diagnosis 312-13 
etiology and pathogenesis 312 
prognosis 316 
urinary dysfunction 313-16 
Treponema pallidum 243 
triangular ligament, see urogenital diaphragm 
tricyclic antidepressants 266, 270, 414, 574 
triggered reflex voiding 553 
trigone 13, 50 
development 6-7, 7 
trimethaphan 601 
tropical spastic paraparesis (TSP) 316-19 
tropsium chloride 828 
trospium 573 
TSP, see tropical spastic paraparesis 
tuberculosis 158 
tumor necrosis factor-@ (TNF-a) 222, 720 
tumors 844-5 
bladder 
imaging 444-5, 445 
incidence 844 
risk factors 565, 844—5, 922 
screening for 559, 845 
brain 150, 333-5 
risk after urinary diversion 682 
spinal cord 357-62 
anatomic relationships 357 
cauda equina syndrome 349 
clinical findings and treatment 360 
diagnosis 357 
intradural extramedullary 358-9, 358, 359, 360 
intramedullary 358, 359-60 
metastatic 361, 362 
urethra 445, 445 
tunica albuginea 126 
TURP, see transurethral resection of prostate 
typhoid vaccination 315 


Uhthoff’s symptom 296 
Ultraflex stent 442, 663 


ultrasonography (US) 

lower urinary tract 448, 450, 450, 451, 456 

neural tube defect detection 750-3, 750-3 

postvoid residual urine assessment 487 

upper urinary tract/renal 452, 456, 532, 850-1, 927, 927 

myelomeningocele 763, 763, 764 

vesicoureteral reflux 450, 450, 532, 850-1 
ultrastructural changes 

detrusor overactivity 173-4 
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e model 168 
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DESD 204, 205, 461, 461 antireflux surgery 765, 856-7 


voiding reflex, see micturition reflex 
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